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the ‘“‘ war ’’ aspect of the industry, the general 
trade of the country must also be carried on, 
and it will be our policy to see that this very 
important aspect is stressed. Lines of demarca- 
tion between essentials are difficult of definition, 
and foundries making agricultural implements 
or textile machinery may not be of much less 
national importance than those directly con- 
cerned with armaments. There is a need for 
an early recognition of this fact, as sections 
of the foundry industry, such as those normally 
engaged on builders’ castings, are very short 
of work. From a strategical point of view, such 
reserve manufacturing capacity is a great asset, 
for it can be marshalled to meet emergency re- 
quirements, yet consideration of the interim 
period demands immediate study. 

A consequence of the war will be the recog- 
nition of the true merit of the research work 
which has been undertaken in this country 
during the last two decades. A vast literature 
has been built up around the technical and 
economic utilisation of domestic raw material re- 
sources. This renders possible, if not easy, the 
substitution of alternative sources of supply. In 
the 1914-18 war, owing to the general lack of 
metallurgical knowledge, the failure to procure 
a particular brand of pig-iron, coke or sand led 
to endless and not always successful experiment. 
Moldenke, the American foundry metallurgist, 
about 1920 pointed out the great deterioration 
following upon the war of the world’s scrap heap 
through sulphur concentration, consequent upon 
numerous remeltings. Because of the quite 
common use of the soda-ash process, this problem 
at least has been solved. The next one (and 
it can be a problem) will relate to the prevalence 
of nickel and chrome in ironfoundry scrap. It 
would be sensible if the foundries of the world 
adopted a uniform marking on all castings con- 
taining special elements, so that future genera- 
tions of foundrymen would be in a_ position 
easily to segregate and conserve the more ex- 
pensive metals. The parenthetic remark, ‘‘ and 
it can be a problem,’ refers inter alia to the 
noxious effect chromium can have upon malleable 
cast-iron mixtures. Scrap sorting has special 
significance at the present time, for we well 
remember the difficulties and occasional dangers 
(such as an explosion, for example) which arose 
during the last war. Special care should be 
taken with pipe and box-like scrap to see that 
it contains nothing of an extraneous character. 
We are not raising a scare, but are merely call- 
ing to mind one explosion which resulted in 
three hospital cases; it was due to the charging 
into an electric furnace of a pipe, the two ends 
of which had been plugged up for some unknown 
purpose. We confirmed this by finding such a 
component on the same scrap heap. 
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Iron and Steel Institute 
STATUTORY AUTUMN MEETING 


The Statutory Autumn Meeting of the Iron 
and Steel Institute will be held on Thursday, 
November 23, 1939, at 3.30 p.m., at the offices 
of the Institute, 4, Grosvenor Gardens, London, 
S8.W.1. No Papers will be read or discussed ; 
only formal business will be transacted. 

The following is the agenda for the meeting: 

(1) Minutes of the Annual General Meeting 
held on May 3-5, 1939. 

(2) Announcement of the President-Elect for 
1940. 

The Council have nominated Mr. John 
Craig, C.B.E., to become President of the In- 
stitute at the Annual General Meeting in 
1940. 

(3) Ballot for the election of new members 
and associates. 

(4) Changes on the Council; members retiring 
in 1940. 

In accordance with bye-law 10, the follow- 
ing members of Council are due to retire in 
rotation at the Annual General Meeting, 
1940; they are eligible for re-election :— 

Vice-Presidents. Sir William  Larke, 
K.B.E., Mr. A. O. Peech, Dr. C. H. Desch, 
F.R.8. 

Members of Council_—Mr. E. J. Fox, Mr. 
John E. James, Dr. T. Swinden, Dr. A. 
McCance, Mr. P. B. Brown. 

(5) Any other business. 

Work of the Institute——The general activi- 
ties of the Institute will be curtailed in order 
to release as many of the staff as possible for 
national service. 

Until further notice, no general meetings, 
additional meetings or joint meetings with 
local societies will be held for the presentation 
and discussion of Papers. 

Correspondence, etc., should be sent to the 
usual address. The ordinary hours at which 
the offices of the Institute will be open may be 
changed in order to avoid unnecessary use of 
artificial light. Members who call in person or 
telephone are accordingly requested to do so as 
far as possible between 10 a.m. and 4 p.m. from 
Monday to Friday. 

The Joint Library and Information Depart- 
ment will remain open until further notice and 
will be available for consultation by members 
and the industries. The loan of books may be 
curtailed except in so far as they are required 
by members, the Government and the industries 
for national purposes. 

Carnegie Scholarship Memoirs and Special 
Reports.—The Carnegie Scholarship Memoirs 
and Special Reports will not be issued until 
further notice. 

Bulletin of Abstracts.—The Bulletin of 
Abstracts will be issued as usual on the 28th 
of each month and will be sent to those mem- 
bers who have applied for it. Members of the 
Institute who wish to have the Bulletin and 
have not been receiving it in the past should 
apply for it, and members of the Institute who 
have been receiving it but find that they do 
not need it are requested to state that this is 
the case. In order to avoid duplication and 
in the interests of economy, copies of the Bulle- 
tin previously circulated by the British Tron 
and Steel Federation will be sent out by the 
Institute, and the Bulletin will be printed on 
both sides of the paper. 








Mera Exports from Portugal are now strictiy 
controlled and only possible under licence. . 

Export RESTRICTIONS and control imposed by the 
Swedish Government apply, inter alia, to man- 
ganese, magnesite, chromium, tungsten, molyb- 
denum, vanadium, and carborundum and carbides 
of metals. 
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More News from 1|.B.F. 
Branches 


Additional to the reports which we published 
last week of the prospects of the holding of 
meetings by the various Branches of the Insti- 
tute of British Foundrymen, we can now give 
the position for additional centres. 


Lincoln Section 
Mr. E. R. Walter, M.Sc., writes that, 
although Lincoln is a very scattered section and 
the members will have difficulty in adhering to 
the original programme, the Council will do its 
best to carry on. Probably abandoned lectures 
will be replaced by discussions. Incidentally, 
the evening classes at the Technical College, of 
which Mr. Walter is Principal, will proceed as 
usual. 
Burnley Section 
Mr. Buckley states that, because most of the 
lecturers are local men, there is every prospect 
of adhering to the programme as arranged, with 
the exception of the first meeting, which had 
to be abandoned. 


South African Branch 

The August meeting of the Branch, in 
Johannesburg, was presided over by Dr. H. J. 
van Eck, the recently-elected Branch-President, 
and the evening was devoted to listening to a 
talk by Mr. T. Nimmo Dewar, Past-President. 
Mr. Dewar recounted the impressions he gained 
during a recent tour of Europe. He did not 
confine his attention solely to foundry activities, 
but also reviewed the international situation. 


Other Branches 
Several more of the Branches, including South 


Wales, Falkirk, and Middlesbrough, have en- 
thusiastically endorsed the suggestion that 
Papers which for any reason cannot be pre- 


sented should be printed in the Journat and 
later form the body of the Proceedings. 








Institute of Fuel 
WAR-TIME ARRANGEMENTS 


The ordinary meetings of the Institute of Fuel 
for the presentation and discussion of Papers 
are to be suspended for the time being, as such 
meetings could only be held during daylight 
hours when members are occupied with more 
important duties and could not attend. Should 
it be possible later to hold evening meetings, 
they will be resumed. Meantime, the Council 
decided to continue publication of the Journal 
and publish in it the Papers which would have 
been presented at the ordinary meetings, and 
invite discussion on them by correspondence. 


Melchett Medal Presentation 

At a meeting of the Council it was decided to 
cancel the annual dinner and dance arranged for 
Thursday, October 19. As a partial substitute 
for the annual dinner, and in honour of Mr. 
H. A. Humphrey, the Melchett Medallist, the 
Council decided to arrange a luncheon to be 
held at the Connaught Rooms at 12.45 for 1.15 
p.m. on Thursday, October 19, when copies of 
the Melchett Lecture will be given to all present 
and Mr. Humphrey will give a summary of his 
address together with some additional informa- 
tion, and the Melchett Medal will be presented 
to him. 

Tickets for members and their guests will be 
7s. 6d. each exclusive of wines. 

Further information may be obtained on ap- 
plication to the Secretary, Institute of Fuel, 
30, Bramham Gardens, London, S.W.5. 
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Random Shots 


One Government department, at least, see... 
to have been thoroughly impressed with 1 e 
importance of the foundry trade as a means ot 
livelihood of the nation’s workers, for such wo: 
as moulder, brasscaster, furnaceman, etc., app: 
profusely on the National Registration form .s 
examples of nebulous occupations. 

* * * 


Foundrymen themselves, of course, have always 
known that practically all industries which utili-: 
machinery need and depend on their productions, 
but what they did not know is that anyone el-e 
outside their own circle was alive to the saie 
fact ! 

* ~ * 


Incidentally, the National Registration form 
has unconsciously forced a good many husbaniis 
to admit in black and white what their wivcs 
have always known (though whether or not they 
stress the fact usually depends on the gener:l 
success of the marriage!) that a wife is “ an 
unpaid domestic worker ”’! 

* * * 

It is natural at this time to make comparisons 
of strength, ability, wealth, etc., between one’s 
own country and the enemy’s country, and, 
indeed, the Press and the Information depart- 
ments have not been neglectful in this matter. 
One point, however, does not seem to have re- 
ceived the notice it deserves and that is that if 
a census were taken in this country and in 
Germany of the number of people who can drive 
a motor vehicle of any description this country 
would beat Germany by vast numbers. 

* * * 


Paradoxical though it sounds now that petrol 
has been so rationed, to be able to drive a car 
is a supreme national advantage in time of war, 
and it is a sphere in which fair Phyllis and that 
‘“ unpaid domestic worker,’’ her mother, are 
going to prove of great use! 

os * x 

That fair Phyllis has not been neglectful of 
including aviation amongst her many accom- 
plishments is amply shown by a notice which 
used to hang in the nurses’ common-room of a 
large London hospital requesting nurses not to 
leave the country or otherwise engage in aviation 
during their off-duty periods. 

* * * 

Amongst the clues in a. recent Times cross- 
word appeared two which most readers wouitl 
solve in a twinkling of an eye, though ‘‘ Marks- 
man,’’ as usual, had to solicit the help of his 
fifth-form daughter. The first was a_ steel 
plant,’’ and the answer was, of course, “‘ teasel,”’ 
whilst the second asked for nymphs who mig!t 
figure in the advertising columns of a mininz 
journal. The answer, simply enough, was 
‘* oreads.”’ 


“cc 


aa ~ * 

Apropos of crossword puzzles, a good anagram 
is being circulated in non-Nazi circles which 
reads ‘‘ A Hitler,’’ which is an anagram of ‘ the 
liar.’’ Appropriate, isn’t it? 

*% * * 


That, of course, set ‘‘ Marksman ’’ thinking 
as he sped home one evening in his usual darker 
than night suburban train, of a few names well 
known in foundry circles and of the anagrams 


which they would preduce. Beginning with 
“Rent in two,’’ and proceeding with ‘ Ram 


Dog,’’ the game became quite fascinating. How 
about ‘“‘ Mask on me,” ‘‘ Threw Hop” aud 
“Run Flake’? ~~ Finally, came ‘ Mud lore,” 
which must be included for its aptness, thongh 
it is not an anagram of a definite person, !ut 
only of a whole class of persons. 

* * * 

The answers will be found on page 234. 


** MARKSMAN 
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A Pig-lron Grading Scheme 


ABRIDGED B.C.I.R.A. 


The Pig-Iron Sub-Committee of the British 
Cast Iron Research Association was formed in 
1930, and its early discussions concerned diffi- 
culties arising between makers and users of 
pig-iron purchased to composition or analytical 
specification. The Association had previously 
issued ‘‘ Recommended Methods for the Sam- 
pling and ‘Analysis of Foundry Materials,’’ in- 
cluding pig-irons, available in its most recent 
form as Special Publication No. 1, which has 
done much to eliminate causes of discrepancy by 
promoting uniform methods of sampling and 
analysis. Difficulties, however, remained, aris- 
ing from slight variations in analytical] results, 
due to the personal equation of the chemist, 
sample variations and, most important of all, 
to inevitable variations in blast-furnace work- 
ing. 

In 1932 the Sub-Committee issued ‘ Toler- 
ances for Use in Purchasing Foundry Pig and 
Refined Iron to Analysis,’ and these listed the 
variations to be expected in carbon, silicon, 
manganese, sulphur and phosphorus for a com- 
position specified by the purchaser, These 
tolerances served a useful purpose and were 
issued in revised form in 1936. The Sub-Com- 
mittee recognised at the outset that its ulti- 
mate aim must include the formulation of a 
scheme for grading pig-iron. An attempt by 
Mr. W. B. Parker* dates back to 1913, and 
the last comprehensive list of British pig-irons 
was published in 1931,f since when many 
changes have occurred. 

The influence of foundry developments and of 
changes in the iron and steel industry on the 
supply of foundry pig-iron formed the subject 
of a discussion organised by the Association in 
1933 between both makers and users, in which 
views were frankly expressed. The user appre- 
ciates the variety of pig-irons available for 
foundry purposes in Great Britain, the tradi- 
tional method of purchasing which was _ by 
fracture. Changes, however, in blast-furnace 
production, not least the gradual extension of 
machine-cast pig-iron, have tended to upset the 
traditional connection between fracture and 
composition, on which the founder in part re- 
lies in purchasing on a fracture basis. More- 
over, foundry developments have demanded 
closeness of control exceeding that possible from 
fracture alone, and the laboratory control of 
mixtures has become common. Hence the prac- 
tice of purchasing pig-iron to a specified analy- 
sis has become more general, and, indeed, in 
the United States and Europe analysis is now 
the usual basis for pig-iron purchase. 

At the same time, British founders have hesi- 
tated to abandon fracture entirely, particularly 
as research work tended to show that fracture 
(an indication of structure more accurately and 
completely shown by microscopic examination) 
influences properties in a manner not entirely 
dependent on composition, but dependent also to 
some extent on conditions of melting. In some 
cases the practice grew of specifying both frac- 
ture and composition. The blast furnace can 
be operated to produce a pre-determined analy- 
is or a predetermined fracture, but it is only 
possible ordinarily to secure both by an expen- 
ive process of stocking and selecting appro- 
priate material, a process which is against not 
only the interests of the maker, but also of the 
user, for uniformity of material is promoted by 
long runs on a regular burden. Nevertheless, 





* W. B. PARKER: “Specifications for Foundry Pig-Iron.” 
——— of the British Foundrymen’s Association, 1912-13, 
PP. 268-296. 


+ C,H. RipsDALE and N. D. RIpspALe: “ Economic Utilisation 


f British Pig-Iron Resources.’ Proceedings of the Institute of 
British Foundrymen, 1930, vol, 28, Supplement, 25 pp. 
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RECOMMENDATIONS 


in general, fracture is definitely regarded as of 
less importance by the founder than was for- 
merly the case. 

The maker feels that the interests of pig-iron 
users are best served when blast furnaces can 
run regularly for long periods on the same bur- 
den, promoting both uniformity and homo- 
geneity of material. While the maker has no 
objection whatever to supplying an analysis 
with the material, the practice of supplying to 
buyers’ analysis interferes with this ideal fur- 
nace routine, and, as indicated above, supply 
to both fracture and analysis is impracticable. 
Furthermore, the foundry metallurgist to-day 
can readily obtain the results required by 
arranging mixtures on the basis of makers’ 
analysis, and it is doubtful whether a_ close 
specification of composition by the buyer is 
economical when pig is to be mixed with scrap 
of unknown origin and uncertain composition. 

It therefore appeared to the Sub-Committee 
that a useful purpose would be served if a list 
of grades of pig-iron were available, so arranged 
that, by specifying a particular grade, the 
buyer could be sure of obtaining the composi- 
tion within the limits set for that particular 
grade. Such a list demonstrates the variety of 
pig-irons normally available in the United King- 
dom, and it will be quite clear that, subject to 
a requirement of suitable tonnage, practically 
any reasonable composition can be supplied. 
After a preliminary consideration, the Sub-Com- 
mittee considered it desirable to make the grad- 
ing scheme apply to pig-iron generally. 

Pig-irons containing in excess of 5 per cent. 
silicon are regarded as ferro-alloys, and ferro- 
alloys are excluded from the present scheme. 
The various official bodies connected with the 
industry nominated representatives to serve on 
the enlarged Sub-Committee, which became 
fully representative in character. 

The following procedure in using the grading 
system is recommended :— 

Those users purchasing pig-iron to fracture 
will be able to continue exactly as in the past. 

Those users purchasing pig-iron to analysis 
should make use of the scheme by turning to 
that section covering the type of iron they re- 
quire (hot blast, hematite, basic, cold blast, or 
refined). In general, it will then be advisable 
to refer to that part of the section giving the 
phosphorus content required, choosing from this 
the appropriate silicon content, and then the 
appropriate manganese and sulphur contents. 
The required material can then be ordered by 
the appropriate classification reference. Thus, 
H36b covers a hot-blast pig-iron of 1.0 to 1.5 
per cent, phosphorus, 2.0 to 2.5 per cent. sili- 
con, with manganese between 0.6 and 1.2 per 
cent. and sulphur between 0.04 and 0.06 per 
cent. 

Since the grades are arranged to take care 
of possible variations in blast-furnace operation 
the scheme calls for modification of tolerances, 
to which reference has been made above, and 
these can be reduced to those needed to cover 
the minor variations in sampling and analysis. 
The new tolerances are given at the end of the 
present report and supersede those last issued 
in 1936. 

Comments from those interested will be wel- 
comed, and should be addressed to the Director, 
British Cast Iron Research Association, 21-23, 
St. Paul’s Square, Birmingham, 3. 

Finally, thanks are due to the British Iron 
and Steel Federation and the various pig-iron 
associations and their representatives for their 
co-operation in what it is hoped will be a scheme 
of steadily increasing advantage to both makers 
and users. 
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Object of the Scheme 

This scheme provides a series of grades into 
which the various types of British pig and 
refined irons can be arranged on a basis of 
chemical composition. Its object is to indicate 
to users of pig and refined irons what composi- 
tions are normally available, and to give the 
limits of composition of each grade. 

Compositions normally available from stock for 
commercial use are given in ordinary type, but 
in the case of hot-blast pig-irons, grades which 
in addition can be and frequently are manu- 
factured without difficulty to suit users’ require- 
ments, are given in italics. Pig-irons of com- 
positions outside the ranges indicated in this 
schedule are manufactured, but should be made 
the object of special inquiry. 

Normally, pig-irons can be supplied either to 
the composition required within the limits of any 
grade herein described, or to the fracture 
required by users, but specification of both frac- 
ture and composition necessitates special manu- 
facture and/or selection and may involve an in- 
creased price. Furthermore, the use of machine- 
cast pig-iron, the fracture of which differs from 
that of sand-cast pig, is increasing, and affects 
fracture without in any way affecting the 
suitability of the pig for purposes for which the 
composition is satisfactory. 

Refined cast irons are usually made to users’ 
requirements. This scheme excludes ferro-alloys, 
and pig-irons exceeding 5 per cent. in silicon are 
regarded as ferro-silicons. 


Classification of Pig-lrons 
Pig-irons are grouped for grading purposes as 
follows :— 
Buiast-Furnace Irons :— 

Hor Burast (designated H, excluding hematite 
and including Scotch). 

Hematite (designated A, Acip). 

Basic (designated B). 

Cotp Buast (designated C). 

Rerinep Irons :— 

REFINED (designated R, the hematite type made 
for malleable manufacture being RM, re- 
fined malleable, and the grey type for grey 
iron castings being RC, refined cylinder). 

In the grading, the phrase “ up to’’ means 

up to and including the figure given; a per 
cent.—b per cent. means over a per cent. and up 
to and including b per cent. 


Blast-Furnace Pig-lrons 


Pig-iron is the product of the blast furnace. 
The grading of blast-furnace irons is determined 
primarily with respect to phosphorus and silicon 
contents, and secondarily with respect to sulphur 
and manganese contents. Total carbon content 
is not given for blast-furnace irons, because it 
depends partly on the remaining elements of com- 
position and partly on the size and type of fur- 
nace used. 

Phosphorus. — Blast-furnace pig-irons are 
graded as Pl to P7 with respect to phosphorus. 
Pl has up to 0.1 per cent. whilst P7 contains 
over 1.5 per cent. 

Hematite Phosphorus.—The grade P1, con- 
taining irons of phosphorus below 0.1 per cent., 
is divided into three grades:—AP1, up to 0.03; 
AP2, from 0.03 to 0.05; and AP3, from 0.05 to 
0.10 per cent. In addition, there are special 
guaranteed grades of low-phosphorus and low- 
sulphur hematite pig-irons available. 

Silicon.—Blast-furnace pig-irons are graded as 
S1 to S89 with respect to silicon. S1 has up to 
0.5 per cent. and S9 contains from 4.0 to 5.0 per 
cent. silicon. 

Hematite Silicon.—In hematite irons, Sub- 
grades S9a, Si 4.0 to 4.5 per cent., and S9b, 
Si 4.5 to 5.0 per cent., are available. 

Sulphur.—Blast-furnace pig-irons are graded 
as L1 to L5 with respect to sulphur. L1 has 
up to 0.04 per cent. and L5 contains from 0.15 
to 0.20 per cent. sulphur. 

Manganese. — Blast-furnace pig-irons are 
graded as M1 to M3 with respect to manganese. 
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M1 has up to 0.6; M2, from 0.6 to 1.2; and 
M3, over 1.2 per cent. manganese. Manganese 
is available up to and over 2 per cent. to require- 
ment. 

Refined Pig-lrons.—Refined pig-irons have 
been subjected to a remelting or refining process 
subsequent to the blast furnace. Two types are 
normally made, both to requirements, a hematite 
type for use in the manufacture of malleable cast 
iron, often white or mottled in fracture, and a 
phosphoric type for the manufacture of grey 
iron castings. The former is Refined Malleable, 
RM, and the latter Refined Cylinder, RC. 

Phosphorus.—Refined cylinder irons are graded 
as RCP1 to RCP8 with respect to phosphorus. 
RCP1 has up to 0.1 per cent. and RCP8 contains 
from 1.25 to 1.5 per cent. phosphorus. 

Hematite Phosphorus.—Refined malleable irons 
are graded as RM AP1 to RM AP3 with respect 
to phosphorus. RM API has up to 0.06; 
RM AP2, from 0.06 to 0.08; and RM AP3, from 
0.08 to 0.10 per cent. phosphorus. 

Silicon.—Refined irons are graded as S1 to S12 
with respect to silicon. Sl has from 0.4 to 0.6 per 
cent, and $12 from 2.75 to 3.0 per cent. silicon. 

Sulphur.—Refined irons are graded as Ll to 
L5 with respect to sulphur. L1 has up to 0.06 
and L5 contains from 0.15 to 0.20 per cent. 
sulphur. 

Manganese.—Refined irons are graded as M1! 
to M7 with respect to manganese. M1 has up to 
0.3 per cent. and M7 contains from 1.5 to 2.0 
per cent. manganese. 

Total Carbon.—Refined irons are graded as Cl 
to C5 with respect to total carbon. Cl has up 
to 2.5 per cent. and C5 contains from 3.2 to 3.5 
per cent. total carbon. 


Grading of Hot-Blast Pig-lrons 

Hot-blast pig-irons are available in forty-eight 
compositions with respect to phosphorus and 
silicon, listed below as H1 to H48, and the grades 
indicating sulphur and manganese are given as 
a, b, c. Grades are available from stock, except 
those printed in italics, which can be and are 
supplied to requirements. Examples from the 
table are given below. 





P 


A Si. 
Per cent. 


Per cent. 


Mn. Ss. 
Per cent. | Per cent. 


0-15—0-2 
do. 
do. 





0-1—0:25 
do. 
do. 


0-5—1-0 
do. 
do. 


Up to 0-6 
0-6—1:-2 
Over 1-2 


..| 0-25—0-5 
do. 
do. 


2-:0—2°-5 
do. 
do. 


Up to 0-6 
0-6—1-2 
Over J °2 


0-04—0-06 
do. 
do. 


.| 0-5—0-75 
do. 
do. 


4-0—5-0 
do. 
do. 


Up to 0-6 
0-6—1:-2 
Over 1-2 


Up to 0-04 
do. 


do. 

1-0—1-5 
do. 
do. 


Over 1.5 


2-0—2°5 
do. 
do. 


Up to 0-6 
0-6—1-2 
Over 1-2 


0-04—0.06 
do. 
do. 
4-0—5-0 | Upto0-6 
do. do. 0-6—1-2 
do. do. Over 1-2 


Grading of Hematite Pig-irons 

Hematite pig-irons are available in three com- 
positions with respect to phosphorus and silicon, 
listed below as Al, A2 and A3, and grades indi- 
cating manganese and sulphur are given as a, 
b, c, ete. All grades are available from stock, 
and further grades available are given after the 
abridged table below. 


Up to 0-04 
do. 
do. 




















P 


A Si. 
Per cent. 


Per cent. 


Mn. 


Per cent. | Per cent. 





1-0—1-5 | Up to0-6 
do. Over 1-2 


.-| Up to 0-03 
‘ do. 


.10-03—0-05) 1-0—1-5 


Up to 0-6 
do. do. 


Over 1-2 





-|0:05—0-10 
do. 


1-0—1°5 
do. 


Up to 0-6 
Over 1-2 
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Hematite pig-irons are also available for all 
the silicon grades from S84, 1.5 to 2.0 per cent., 
to S9, 4.0 to 5.0 per cent., in each of the three 
manganese ranges, Ml, M2 and M3, up to 0.6 
per cent., 0.6 to 1.2 per cent., over 1.2 per 
cent. respectively, with the maximum sulphur 
equal to the maximum phosphorus, and phos- 
phorus grades up to 0.02 per cent. max., 0.02 
to 0.025 per cent., 0.025 to 0.03 per cent., 0.03 
to 0.05 per cent., and 0.05 to 0.10 per cent. 

The 4.0 to 5.0 per cent. silicon range (S89) in 
hematite pig-irons can also be supplied in 4.0 
to 4.5 per cent. (S9a), or 4.5 to 5.0 per cent. 
(S9b), the phosphorus minimum being 0.025 per 
cent. A special grade is also available with 
sulphur 0.010 per cent. max., and phosphorus 
0.02 per cent. max. 


Grading of Basic Pig-lrons 
Basic pig-irons are available in 15 compositions 
with respect to phosphorus and silicon, listed 
as Bl to B15, and the accompanying manganese 
and sulphur content is indicated. For instance, 
B1 contains 0.25 to 0.5 P; 0.5 to 1.0 Si; over 
1.2 Mn, and from 0.06 to 0.10 per cent. S; 
whilst B15 has over 1.5 P; 1.5 to 2.0 Si; over 

1.2 Mn, and 0.04 to 0.06 per cent. S. 


Grading of Cold-Blast Pig-lrons 

Cold-blast pig-irons are available in five grades 
with respect to silicon, listed as Cl to C5, with 
phosphorus 0.3 to 0.6 per cent. Cl has 0.3 to 
0.6 per cent. P, and 0.2 to 0.5 per cent. Si, 
whilst C5 contains 0.3 to 0.6 per cent. P, and 
2.0 to 2.5 per cent. Si. Cold-blast pig-iron can 
be supplied in each of the five grades with 
any manganese content from 0.4 to 1.1 per cent. 
and sulphur 0.2 to 0.04 per cent. to require- 
ment. 


Grading of Refined Pig-lrons 


Refined Malleable.—Refined malleable pig-iron 
can be supplied to any required combination of 
elements within the ranges indicated below. Sili- 
cons S4 to S87 are available with sulphur L1 and 
L2, but some makers supply S2 and S3 with 
L3 only, and S1 with L4 only. 

Phosphorus, per cent., RMAP1, up to 0.06; 
RMAP3, 0.08 to 0.10. 

Silicon, per cent., RMASI1, 0.4 to 0.6; RMAS7, 
1.6 to 1.8. 

Sulphur, per cent., RML1, up to 0.06; RML5, 
0.15 to 0.20. 

Manganese, per 
RMMS8, over 0.5. 

Total carbon, per cent., RMC1, up to 2.5; 
RMC4, 3.0 to 3.2. 

Refined Cylinder.—Refined cylinder pig-iron 
can be supplied to any required combination of 
elements within the following ranges :— 

Phosphorus, per cent., RCP1, up to 0.1; RCP8, 
1.25 to 1.5. 

Silicon, per cent., RCS1, 0.4 to 0.6; RCS12, 
2.75 to 3.0. 

Sulphur, per cent., RCL1, up to 0.06; RCL4, 
0.10 to 0.15. 

Manganese, per 
RCM7, 1.5 to 2.0. 

Total carbon, per cent., RCC1, up to 2.5; 
RCC5, 3.2 to 3.5. 


cent., RMMI1, up to 0.3; 


cent., RCM1, up to 0.3; 


Tolerances 


The adoption of the above system of grading 
has made unnecessary the tolerances previously 
adopted by the Sub-Committee, except where 
purchasers specify a composition. Even in this 
case, tolerances are not required if a range of 
composition is specified in excess of the 
tolerances. Tolerances required in the ordinary 
way need only cover possible variations in 
sampling and analysis. Thus, when a pig-iron 
or a refined iron is classified as belonging to one 
of the above grades, it shall be considered as 
falling within the grade if the analysis does 
not differ from that given for the grade by 
more than the following figures :— ‘ 
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Pig-iron. Refined iron. 





Total carbon 
Silicon +0-05 
Manganese .. +0-05 
Sulphur ..|+1/10th of the value} + 1/10th of the value 
Phosphorus . .|+1/10th of the value] + 1/10th of the value 


6 ake 


+0-10 
+0-10 


40-05 


The full report is available from the Secretary 
of the British Cast Iron Research Association, 
21 to 23, St. Paul’s Square, Birmingham. Price 
2s. 6d. post free. 








Wear-Resisting Ni-Cr 
Cast-Iron Alloys 
A SERVICE TEST 


An opportunity arose in the plant of Bradley & 
Foster to carry out a wear-resistance test under 
actual service conditions to ascertain the com- 
parative behaviour of alloys of the Ni-Hard type. 
The tests were carried out on liner plates in a 
rotary ball mill employed in the crushing of 
chilled white cast iron, for the manufacture of 
chilled metallic grit for use in shot-blasting and 
cleaning operations. The duty conditions in this 
mill are exceptionally severe. The material fed 
into the mill for crushing consists of chilled white 
iron, having a composition of 2.90 to 3.0 per 
cent. carbon, 1.25 to 1.75 per cent. silicon, 0.25 
to 0.5 per cent. manganese, 0.15 per cent. maxi- 
mum sulphur, and 0.90 to 1.20 per cent. phos- 
phorus. 

This material is drastically chilled and treated 
to give a tough martensitic structure and the 
Firth diamond-hardness values usually average 
850, and lie between the limits of 800 to 1,100 
F.D.H. The material normally used for the 
lining of the mill was manganese steel, and the 
mill operates at a constant speed and a uniform 
rate of feed. The average life of four manganese 
steel linings in this mill was 973 hours, the maxi- 
mum being 1,093 hours. A number of experi- 
ments were made by inserting single plates of the 
materials to be tested. A single plate, made of 
BF954 material, inserted in the mill, was taken 
out after a life of 1,973 hours—an increase of 
over 100 per cent. on the average life and 
approximately 90 per cent. on the maximum life 
of the manganese steel. The actual chemical 
composition and mechanical properties of this 
plate are given in Table I. The material was 
electric-furnace melted, using a spun-refined iron 
base. These results were sufficiently encouraging 
to try out a complete mill lining in the same 


TaBLE I.—Chemical Composition and Test Results of 
BF954 Castings Used in Bal! Mill Crushing Chilled 
Metallic Grit. 








Per cent. 
2-56 
0-49 
0-30 
0-064 
0-090 
4-16 
1-43 


Total carbon .. 
Silicon .. 

Manganese 

Sulphur 

Phosphorus 

Nickel .. 

Chromium 7 aia 
Firth diamond hard- 





477 PA 

35-4 tons 40-34 tons 
| per sq. in. 

1,973 hrs. ‘' 1,500 brs. 


ness .. - 
Modulus of rupture 





Wear-life 





material. The chemical composition and pro- 
perties of specimens taken from these plate 
castings are also included in the table. This 
complete lining yielded a life of 1,500 hours—an 
increase of approximately 46 per cent. on the 
maximum, and 53 per cent. on the average life 
of manganese steel under these conditions. 
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Open-Hearth 


Practice’ 
BY J. W. PORTER? (East Chicago, Ind.) 


The open-hearth furnace is particularly suited 
for quantity production of high-quality steel for 
all types of castings. Foundry basic open-hearth 
steel refining practices vary in accordance with 
the personal opinions of the particular metal- 
lurgical staff, with the size and modernness of 
the equipment involved and with the require- 
ments governing the steel and product manu- 
factured. 

Obviously, there are features in connection 
with the operations of particular types of furnace 
construction that must be considered, and it is 
quite possible to produce a finished product of 
equal utility by variation of melting procedure. 
Major melting and refining factors of basic open- 
hearth furnaces are common to all. 


Importance of Operating Personnel 


Operating personne] is one of the most im- 
portant factors in the production of satisfactory 
uniform metal. Regardless of all mechanical 
provisions made for the operation of the fur- 
naces, the supervisor of the open-hearth must 
be able so to outline and direct the routine 
to be followed and to instruct his melters in 
the attention and interpretation they give to 
the changes taking place that the vital reactions 
are carried out as uniformly as possible from 
heat to heat. Even though versed in these 
fundamentals, the operator needs to be assisted 
by indicating and recording instauments in 
order to adhere to his standardised procedure. 
The ability of the furnace then to function de- 
pends upon the construction of the unit and its 
appurtenances. 

The details which are given in this Paper 
pertain to current basic open-hearth practices 
in use at the Granite City Works of the Ameri- 
can Steel Foundries for the production of steel 
for carbon steel castings to meet consistently 
the recognised specifications for Grade “ B”’ 
steel of the A.S.T.M. 


Bottom Building 

Assuming the mechanical structure of the 
furnace is complete, it is necessary to prepare 
the furnace bottom. Using wood fuel and keep- 
ing direct. flame from the walls or roof, the 
temperature of the interior of the furnace is 
gradually raised over a period of 72 hrs. till 
the brickwork begins to show red when the 
oil is turned on at the lowest rate of con- 
sumption, the reversing valves taken off centre 
and starting with reversals at 1-hr. intervals, 
the reversal periods are gradually lowered till 
a reversal period of approximately 15 min. is 
reached. Forty-eight hours are utilised to bring 
the furnace to working temperature. 

Bottom building can now be started. For this 
purpose dead burned magnesite is used because 
it is generally more uniform in composition than 
dolomite and has a higher melting point; further- 
more, it does not slack as quickly if the furnace 
is not operated for a period. A typical analysis 
of dead burned magnesite is shown in Table I. 

Three parts magnesite and one part ground 
slag free from steel, called the magnesite mix, 
is placed on the brickwork after a coating of 
sla: has been placed thereon. The magnesite 
material should be spread over the furnace 
bottom as evenly as possible with layers not over 
} in. thick, and sufficient time allowed for the 
mo‘erial to sinter properly before the next layer 
is placed in the furnace. 





* Uxtracts from a Paper presented to the Symposium on Steel 
Me''ing Practice held during the annual convention of the 
American Foundrymen’s Association in Cincinnati. 

* Manager, Indiana Harbor Works, American Steel Foundries. 


For the first 3 in. of bottom placed in the 
furnace, an interval of not less than 24 hrs. 
should elapse as each } in. layer is placed in 
the furnace. 


TaBLE I.—Typical Analysis of Dead Burned 








Magnesite. — ne 
| Per cent. 
SiO, .. ar ‘a 4-40 
Fe,0, oe oe 7-06 
Al,O, oe 1-28 
CaO .. ws oe 2-64 
MgO .. ‘6 +s 84-17 
Loss on ignition .. 37 





The mixture of three-fourths magnesite and 
one-fourth slag is used on side walls exclusively. 
Some slag will flow out of the mixture to the 
furnace bottom. Magnesite without slag is used 
to fill in the furnace bottom and absorb this 
excess slag. The proportion of slag in the 
mixture should be adjusted to produce a solid 
bottom. The layers of magnesite mix are con- 
tinued until the level of the tapping hole is 
reached. The time necessary thus to build a 
bottom in a 30-ton furnace is about 6 days. 


Tapping Hole 

A pipe 6 in. in diameter and of the proper 
length is placed in the proper position for the 
tapping hole and held in place by blocking where 
the tapping hole passes in through the wall 
of the furnace. The part of the pipe inside 
the wall of the furnace is covered with a layer 
of magnesite mix 1 in. thick, and the end, 
which extends inside the furnace bottom line, is 
covered with magnesite mix to prevent the pipe 
melting. The pipe is closed by filling the inside 
with either magnesite or burned dolomite as 
though it were closed for a heat. 

The layers of magnesite mix are continued up 
the side of the furnace to a point about 10 in. 
above the slag line. The furnace bottom is sloped 
so that the steel and slag will all drain out of 
the furnace when the tap hole is opened. 

On the tapping hole where the pipe was 
blocked in the furnace wall to keep it in posi- 
tion, the brick used for blocking is removed and 
replaced with a mixture of equal parts of mag- 
nesite, chrome and cement with enough water 
to make the mixture pack well. This mixture is 
rammed hard and the space between tapping- 
hole casting and pipe in the wall of the furnace 
completely filled. The tapping hole is cleaned 
out and reclosed as though a heat were to be 
charged. 

Ground slag is charged into the furnace, 
placing this as high as possible on the sides of 
the furnace, using the same methods used to 
place material for the bottom. This is repeated 
after approximately 1 hr. and continued until 
there is a depth of 2 to 6 in. of liquid slag on 
the furnace bottom. The liquid slag is splashed 
as high as possible on the walls and ends of 
the furnace to allow the magnesite to absorb 
as much as possible of this liquid slag. The 
time allowed for this slagging bottom should not 
be less than 5 hr. The slag is then tapped and 
the furnace is ready for the first heat. 


Pre-Charge Preparations 


Before charging the furnace, the furnace bot- 
tom is chilled by opening the doors and cutting 
off the fuel. The time used for chilling the 
furnace bottom must be left to the judgment of 
the melters. The tapping hole is closed by hold- 
ing a rabble against the end in the furnace. 
Bottom material is inserted from the outside and 
firmly packed in place until the tap hole is filled 


to about 6 in. from the end. This space is filled 
with loam having sufficient moisture to make 
it pack well. 

The rabble is removed from the inside of the 
tap hole and some bottom material placed over 
the end of the tap hole by shovelling through 
the door of the furnace. The furnace runner 
is lined with clay brick and then mudded with 
loam moistened with water to the proper con- 
sistency so that it packs well. The runner is 
dried to remove all moisture before the heat 1s 


tapped. 


Furnace Charge 
In making up the furnace charge, considera- 
tion should be given to the material on hand, 
chemical analysis, price and space required in 
the furnace. In arranging the furnace charge, 
the standard shown in Table II is sought. With 


TaBLe II.—Standard Furnace Charge. 

















As charged. | As melted. | As finished. 
Per cent. Per cent. Per cent. 
Carbon ..| 1-75 to 2-0 | 0-65—0-75 | 0-28 
Manganese ..| 1-40 to 1-50 — | 0-70 
Silicon 0-50 max. 0-03 | 0-36 
Sulphur 0-045 max. _ | 0-025 
Phosphorus. .| 0-065 max. — 0-032 





a metal charge of 26 tons, approximately 23 ewt. 
of burned lime and 5 ewt. of manganese ore are 
used. Burned lime is used in place of limestone 
for two reasons: (1) the time element in melt- 
ing, and (2) the need for less initial carbon 
content in the charge. Additional lime may be 
added to the bath when necessary to condition the 
slag. 

The pig-iron, the scrap, the slag-forming 
materials and the fuel are all analysed and each 
charge made in a standard manner as to quan- 
tity and composition. The first material charged 
into the furnace on each heat should be selected 
with the purpose of covering the bottom of the 
furnace and furnishing a bed for the lime. This 
will prevent the lime from sticking to the fur- 
nace bottom. Plate scrap is probably the best 
for this purpose. Lime should be spread over 
the first scrap charged as evenly as possible fol- 
lowed by the balance of the scrap and then the 
pig-iron. 





Combustion Factors 

The furnace should be arranged with two 
sources of draft—a fan to force air into the 
furnace, and a stack with which to draw air 
out. The amount of air admitted to the 
furnace is controlled by the diaphragm, which 
also controls the fuel oil. The stack is provided 
with a damper and manometer so that the 
proper conditions and balanced pressure can be 
maintained in the furnace. The reduction of 
draft, fuel oil and steam at the time of making 
the final additions is recommended because this 
condition cuts down the amount of oxidation of 
the metal and consequently less loss of man- 
ganese and carbon. 

Fuel oil of a gravity of 5 to 12 deg. Baumé 
and approximately 152,000 B.T.U. value is used. 
The temperature of fuel oil when it enters the 
furnace is 170 to 190 deg. Fah. A preheater is 
used for the oil before it enters the burner. 
The amount of fuel oil being burned per hour 
is indicated and recorded. From 120 to 130 
galls. per hr. after charging is the general 
rate employed. The fuel-oil rate of flow is re- 
duced when the heat is melted. On heats which 
melt very hot, the consumption of fuel oil may 
be cut down as low as 80 to 90 galls. per hr. 
when the final additions are made. On one 
furnace, an oil consumption of 27.6 galls. per 
ton of charge for the year’s average was 
obtained. ‘This includes Sundays and shut- 
down days. During this period there was 
obtained an average of 23.2 galls. per ton of 
charge during a full operating week’s run. 
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The temperature of the superheated steam 
used for atomising the oil is 600 to 700 deg. 
Fah. at the regulator. The steam pressure em- 
ployed is between 55 and 60 lbs. at the regula- 
tor. This is maintained until the heat is melted. 
When the heat is melted, the steam pressure 
is adjusted to the conditions in the furnace. 
When the final additions are made, the flame is 
reduced further. 


Refining Period 

The furnace charge should contain sufficient 
lime to assist in removing the impurities in the 
metal and furnish protection by slag founda- 
tion to the metal from an oxidising flame. The 
use of fluorspar to condition the slag should be 
held to a minimum if used at all. 

During charging and until the lime starts 
to come up, the furnace should be run with a 
full flame, predetermined settings being main- 
tained by the instruments. The adjustments of 
the valves are made by actual flue gas analyses. 
The temperature of the bath at the time the 
charge is melted should be high enough gradu- 
ally to reduce the fuel oil, air and steam. By 
this practice some manganese reverts to the steel 
from the slag. With the same initial carbon 
content, the quicker the charge is melted, the 
higher will be the carbon content of the bath. | 

As soon as the heat is melted and the lime is 
up, which is indicated by the absence of local- 
ised violent boiling action in the bath, a spoon 
test of the metal should be taken. Upon the 
carbon content the melter bases his judgment as 
to the amount of iron ore to add, and also to 
the time it is to be used. The heat should be 
at a fairly high temperature—the slag should 
be in a mushy condition. 

After the iron-ore additions, the bath will 
break into a brisk boiling action which should 
gradually slow down to a uniform gentle boil- 
ing action over its entire surface, the boiling 
action becoming less intense and the carbon 
drop less rapid as the bath approaches a carbon 
content of 0.25 per cent. During this time the 
amount of fuel, air and draft should be gradu- 
ally diminished, but still keeping a plus pres- 
sure. The slag should be assuming a creamy 
condition. 


Alloy Additions 

On the first preliminary test the chemical 
laboratory determines the carbon, manganese 
and sulphur. On all subsequent tests the chemi- 
cal laboratory determines the carbon and man- 
ganese. Other tests are taken as the refine- 
ment of the metal proceeds. The 15 per cent. 
ferro-silicon is added to the bath 10 min. be- 
fore tapping. The charge of 80 per cent. man- 
ganese is added to the ladle through the shute 
and the amount varied in accordance with resi- 
dual manganese in the bath. The 50 per cent. 
ferro-silicon for adjusting the final amount re- 


quired is added in }-in. size through a shute , 


over the furnace runner. When the final addi- 
tions are made, the draft, the amount of fuel 
oil burned and the steam for atomising are 
again reduced as much as possible, and this 
condition is maintained until the heat is tapped. 

The material used to close the tap hole should 
be removed from the outside, leaving only a 
few inches of material on the inside. The tap 
hole and the runner should be thoroughly cleaned 
before proceeding. A tapping rod should be 
inserted through the observation hole in the 
centre door of the furnace covered with slag and 
after locating the tapping hole, thrust it against 
the material left in the tap hole until the rod 
pushes through and allows the metal to run 
out of the tap hole into the ladle. 

When the metal in the ladle is approximately 
1 ft. deep, the 50 per cent. ferro-silicon is added 
from the shute into the stream of metal as it 
runs from the furnace and the 80 per cent. ferro- 
manganese is added to the metal in the ladle 
from its shute. 
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The normal tap temperature as taken of the 
metal as it flows from the furnace is 1,650 to 
1,660 deg. C. and the normal pouring tempera- 
ture for the class of material produced is 1,532 
to 1,550 deg. C. A good tap of a normal heat 
will give required metal temperature, fluidity 
and composition while a large tap hole wil) per- 
mit slag to enter the metal along with the 
additions from the shute, thereby affecting the 
final steel composition. A small or slow tap 
will have little effect on composition but will 
affect the temperature and fluidity of the steel. 

In the basic open-hearth practice, the re- 
finement of the metal in the bath through the 
partial elimination by oxidation of the elements 
to be removed for the production of the finished 
steel required, has been covered in many well- 
written treatises. In the memorandum here 
given the data pertain only to the characteristics 
of the furnaces described and the melting and 
refining practices followed. 


TaBLE ITI.—Heat No. 4986, Showing Typical Charge and 
Refining Operation. 


CuHaRGeE: (Time—8.20 a.m.) 
Metal. Lbs. 

Pig-iron 12,000 
Own & company 8,500 
Cast steel .. 6 
No. 1 heavy melting 
No. 2 heavy meltin 
Rails ay i 
Wheels 


Per cent. 
20-0 
14-2 
10-0 
14-2 
13°3 
18-3 
10-0 


8,500 
8,000 
11,000 
6,000 


60,000 is 

250 Ibs. - 
2,600 Ibs. 
600 Ibs. 


100-0 
Tar coke 
Burned lime 
Manganese ore 

REFINING OF HEAT: 

600 Ibs. iron ore — 400 lbs. 12-35 p.m., 200 Ibs. 

12-50 p.m. 

No fluorspar or additional lime. 

500 Ibs. 15 per cent. ferro-silicon in furnace at 1-14 p.m. 

244 Ibs. 80 per cent. ferro-manganese in ladle. 

540 lbs. 50 per cent. ferro-silicon in runner. 

20 Ibs. tar coke added in runner. 

Heat TapPeD aT: 1-22 p.m. 

Time required to melt—4 hrs. 5 min. 

Time required for heat—5 hrs. 2 min. 

The analysis of slag and metal as obtained 
from one heat or a number of heats is not suf- 
ficient guide as to exact procedure to follow 
but if all conditions and factors are considered 
and all variables reduced as much as possible 
to a standard, one has accomplished much to 
guide the way to uniform metal practice. 


TaBLE IV.—Heat No. 4986, Slag Analysis and Stage Tes 
and Final Metal Analysis. 





Per cent. 





| Melt 


test.* 


oe 





14-81 | 
2-44 | 
3:34 | 
9-62 | 
..| 12-54 
| 0-29 
..| 47-93 | 
| 6-02 | 
1-96 | 
0:15 | 


16-88 
2-16 | 
3-72 | 
15-44 | 
11-35 | 
0-40 | 
40-94 

6-42 | 
1-94 | 
0-21 | 








12.30 
n! p.m. 


1.00 
5 p.m. 
Stage Tests. 

--| 0-60 | 0-40 [0-36 | 

~| 0-016 | 0-016 | 0-006 | 
0:34 | 0-33 | 0-35 
+ | 0-032 | 0-031 
0-012 | 0-007! 0-007 | 

Final Analysis. 

















| C Si Mn 8 
35th | | 
mould | 0-27 | -40 0-63 | 0-029 


0-021 


*NOTE: At the same time the metal test was taken, there was 
also a slag test poured. 
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It is necessary to establish maximum content 
of the charge with reference to carbon, man- 
ganese, silicon, sulphur and phosphorus. Carbo 
is necessary to produce the churning action 01 
the ebullition by which the charged and forme: 
oxide particles are brought together, thus co 
alescing with the formation of complex com 
pounds which go to form the slag. The slac 
blanket acts as the means of gathering thes: 
particles, of governing their rate of formation 
and of protecting through regulation of oxida- 
tion the metal—thus, the amount, rate of forma- 
tion, viscosity and composition of the slag is o! 
utmost importance. The basicity of the slag 
controls the erosion of the bath along the slag 
line to some extent. 


Conclusions 


By the use of a uniform charge from heat to 
heat and by the control of refining operations 
as shown in Table III, it has been possible to 
produce consistently the highest grade of steel 
of required compositions, physical properties and 
other qualities. Pig-iron, scrap, slag-forming 
materials, and fuel are all analysed and each 
charge is made in a standard manner as to 
quantity and composition. The rate of fuel 
consumption, draft control, and other similar 
factors necessary for maintaining the combustion 
conditions required at different stages in the 
heat, are definitely known to the operator and 
are recorded for the benefit of controlling out- 
lined practices. The result is that heats melt 
uniformly, show consistent melting and refining 
characteristics from heat to heat and uniform 
finished quality steel is obtained. 

This Paper is assembled from the facts and 
opinions presented by the members of the 
Granite City Works’ organisation of the Ameri- 
can Steel Foundries to whom the writer is in- 
debted for their assistance. 








American Foundry Industry 


Data tabulated from the recently published 
1939-1940 edition of Penton’s Foundry List show 
that the United States has 4,776 foundries and 
Canada has 457, a total of 5,233 companies pro- 
ducing castings as compared with 5,383 in 1937. 

Statistics show the foundry industry in the 
United States decreased to the extent of 144 
foundries during the past two years, and that 
Canada experienced a loss of six plants. Con- 
sidering that most of the period since the pre- 
vious survey has found the industry in general 
operating at a low rate, the loss in foundries 
seems extremely light. 

Data also indicate some consolidation of 
foundries, and a continuation of the trend 
towards larger units equipped with machinery 
for mass-production. At the same time, a num- 
ber of foundries have increased their range of 
production by adding units to produce castings 
in more than one of the four main divisions of 
the industry. 

Fourteen States show an increase in the num- 
ber of foundries. Pennsylvania, with a total of 
560 companies, is the leading foundry State, 
and is followed closely by Ohio with 511, New 
York is third with 393, Illinois fourth with 369 
and Michigan fifth with 313. Chicago still leads 
among the cities with 153 foundry companies. 
Cleveland has moved back into second place with 
104. Los Angeles is third with 93, New York 
fourth with 98 and Detroit fifth with 89. 








Mr. E. P. McCarron, director and secretary of 
Trish Steel, Limited, stated last week that so far 
as supplies of steel to reinforce buildings and roads 
were concerned, there was no need to apprehend 
special difficulties. Already the new works at 
Haulbowline was turning out 30 to 40 tons of such 
material daily, and there was every prospect that 
the output would be maintained. 
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Decarburisation of Granulated Pig-lron: 


The “R.K. 


”” Process 


By Professor Count BO KALLING and IVAR RENNERFELT 


{t the beginning of 1936 the project was 
brought up of producing a low-carbon raw 
material, suitable for certain steel-making pro- 
cesses, by decarburising pig-iron in granulated 
form. The matter was taken up by the Tech- 
nical Research Department of Jernkontoret, and 
some preliminary laboratery experiments were 
started in order to investigate the possibility of 
utilising this refining method. As the results 
were favourable, the Research Department made 
a grant for experiments to be carried out on a 
technical scale. The first trials on a bigger 
scale were made at the Avesta Steelworks in a 
small already-existing rotary furnace. Here the 
process assumed in principle its present form. 
The first plant for industrial production was 
erected at the Fagersta Steelworks and was put 
in operation at the beginning of 1938, after pre- 
liminary experimental work had been done in 
order to find an appropriate method of granula- 
tion. 

The possibility of decarburising pig-iron with- 
out melting has long been known and utilised 
for making malleable cast iron. The principle 
of decarburisation without melting has, how- 
ever, also been applied to steel production, 
though to a limited extent. An example thereof 
is the dry carbon refining method worked out 
by P. Tunner, of Leoben, in the middle of the 
nineteenth century. In this method the pig- 





Sweden, and has been in use there ever since. 

The so-called ‘‘ R.K.’’ process now developed, 
differs from previous methods chiefly in the fact 
that carbon is oxidised by means of gaseous 
oxygen instead of iron oxides, and that the 
process is carried on continuously by feeding the 
material through a rotary furnace while being 
simultaneously mixed. In the following, a short 
description is given of the experimental work 
and of results obtained in plants in actual 
operation. 


Theory and Laboratory Experiments 

Equilibrium of the Decarburisation Reaction. 
—The method previously applied, of using iron 
ore as an oxidising agent, has considerable 
drawbacks. During the process the ore develops 
a strong tendency to sinter as soon as the tem- 
perature approximates to 1,000 deg. C. As a 
process of this kind must be continuous, and 
as the charge must consequently be kept moving 
without balling together or sticking to the fur- 
nace walls, the working temperature has to be 
limited to not more than about 1,000 deg. C. 
if much iron ore is used in the charge. Another 
inconvenience is that the reaction between the 
ore and the carbon is endothermic, for which 
reason a not inconsiderable amount of heat must 
be added beyond that required for the heating 
of the charge. 
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relative positions of the curves will, however, 
be more reliable in the calculated diagram and, 
besides, the displacement of the lines due to 
change of pressure can be more easily obtained 
from it. 

In order to decarburise without simultaneous 
oxidation of the iron, the carbon-monoxide con- 
tent of the gas’ phase must, according to the 
diagram, lie above the line AB, which repre- 
sents the equilibrium for the reaction FeO + CO 
= Fe + CO,. As this reaction takes place 
without change of volume, the position of equi- 
librium is independent of the total pressure, 1.e., 
the ratio CO: CO, is not altered, even if the 
gas is diluted with other gases. 

The ‘‘ isocarbons’’ entered in the diagram 
indicate the influence of the temperature on the 
composition of the gas in equilibrium with a 
certain carbon content. They correspond to the 
equilibrium of the reaction 2 CO C + CO,. 
As this reaction takes place with a change of 
volume, the ratio CO: CO, is influenced by the 
combined pressure of these gases in such a way 
that, for a constant CO: CO, ratio, a decrease in 
pressure causes a decrease in carbon content. 
The diagram in Fig. 2 shows how the isocarbons 
are displaced if the combined pressure of the 
carbon monoxide and the carbon dioxide is 
lowered to 0.25 atm., for instance, by dilution 
with nitrogen. 

The decarburisation is generally favoured by 
an increase in temperature. At 1,000 deg. C. 
it should thus be possible, without oxidation of 
iron, to lower the carbon to about 0.04 per cent. 
if the combined pressure of carbon monoxide and 
dioxide is 1 atm. (Fig. 1), and at 1,100 deg. C. 
to about 0.02 per cent. If the pressure is 
reduced to only 0.25 atm. (Fig. 2), equilibrium 
even at 1,000 deg. C. lies at about 0.01 per cent. 
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iron was cast in flat bars, about 0.6 in. thick, 
which were then annealed in boxes embedded in 
pulverised iron ore. The heating time amounted 
to 24-3 months. The method was not in use for 
long, because of the invention of the Bessemer 
process. 

Another method of decarburisation without 
melting is the Uchatius process. The basis 
material here is granulated pig-iron, which, in 
admixture with iron ore, is successively heated 
in crucibles to melting. The main part of the 
decarburisation in this process takes place before 
the melting starts. This method, which is said 
to have been in use in England already at the 
end of the eighteenth century, was taken up and 
exploited by Uchatius in a somewhat modified 
form about 1850. The method was then intro- 
duced at the Wikmanshytte Steelworks in 


*Extracted from a Paper prepared for presentation to the 
Aut imn Meeting of the Iron and Steel Institute, which was can- 
cell. d upon the outbreak of war. 





The experiments were therefore directed 
towards using a gas mixture containing carbon 
monoxide and dioxide as an oxidising agent, 
these gases being applied in such proportions 
that the carbon was oxidised but not the iron. 
Owing to the absence of ore the charge of granu- 
lated iron can be heated to a considerably higher 
temperature without any tendency to sintering, 
which makes the reaction more rapid and com- 
plete. If the heat content of the reaction gas 
can be utilised for carrying out the process, this 
becomes exothermic and is thus facilitated. 

Fig. 1 shows how far the carbon content can 
be lowered on decarburising iron in a gaseous 
atmosphere containing carbon monoxide and 
dioxide at a combined pressure of 1 atm. The 
diagram, which has been worked out by G. 
Phragmén from thermodynamic calculations, 
agrees in its main features with the experi- 
mental results previously presented by A. 
Johansson and R. von Seth. The form and 


The results of a number of tests made in the 
laboratory have in the main been in very good 
agreement with the diagrams. 

It is thus possible at such a moderate tem- 
perature as 1,000 deg. C. to lower the carbon 
to values that are difficult to obtain by fusion 
refining processes. However, in order that a 
process may be utilised technically a sufficiently 
high rate of decarburisation is also necessary. 


Rate of Decarburisation 
There are nowadays certain possibilities of 


calculating the rate of decarburisation 
theoretically. It is to be supposed that the 
decarburisation takes place mainly by the 


diffusion of the carbon through the austenite 
phase to the surface of the grain, where it is 
successively removed by the reaction CO, + 
C + 2CO. According to one opinion, commonly 
heard, the decarburisation should also 
be caused by the diffusion of oxygen and carbon 
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dioxide from the outside into the metal, where 
these gases react with carbon to form carbon 
dioxide, which diffuses in the opposite direction. 
Without further discussing the possibility of 
such a diffusion process, it may merely be stated 
that the diffusion of the oxygen into the iron 
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Fic. 3.—Rate oF DECARBURISATION OBTAINED 
on RELATIVELY Rounp Grains asout 1.5 
MM. IN vIA, (CuRVE 1) IN COMPARISON 
with Maximum Rate CALCULATED FOR 
1.5-mm. GRatns AT AN INITIAL CARBON 
ConTENT OF 1.5 PER CENT, (CURVE 2). 


must under all circumstances occur very slowly, 
as the solubility of oxygen in iron at the tem- 
perature concerned (about 1,000 deg. C.) can 
be only some hundredths of one per cent. As 
the solubility of carbon in y-iron is about 
1.5 per cent. and as, owing to its lower atomic 
weight, its diffusion coefficient may be expected 
to be smaller than that of oxygen, there is no 
need, when calculating the rate of decarburisa- 
tion, to take into account anything but the 
diffusion of carbon. 


The diffusion rate should be proportioned to 
the decrease of concentration per unit length 
in the austenite phase. It is thus of great 
importance that the carbon content in the sur- 
face layer be kept as low as possible. The 
carbon content of the surface depends partly 
on the rate of the reaction ,between the carbon 
and the carbon dioxide of the gas at the sur- 
face, and partly on the rate at which the 
carbon monoxide formed is removed from the 
surface by diffusion and convection and replaced 
by new carbon dioxide. It is possible, besides, 
that the nature of the surface of the grains 
may influence the progress, especially under the 
conditions prevailing in practice. 


If the supposition is made that the carbon 
content of the grain surface adjusts itself to be 
in equilibrium with the carbon monoxide and 
dioxide of the gas mixture introduced, the rate 
of decarburisation can, under certain assump- 
tions, be calculated approximately by the appli- 
cation of equations formulated by Diinwald and 
Wagner. With these equations it is possible to 
calculate the time required for reducing to a 
certain value, by diffusion, the average content 
of an element dissolved in a solid body. If the 
body is spherical, the following approximate 
equation may be used: 


Cm — Cz 6 Dt 
— = -@R* “ns es 
Co—Cy a2 (1) 
provided that : 
R? 
> Ct. ia 
where : 
Cp = the initial concentration of the diffusing 
element. 
Cs = the constant concentration of this element 


supposed to be reached immediately at the 
surface of the body. 

the average concentration dependent on the 
time. 

¢ = the time during which the diffusion has been 
proceeding. 

the radius of the spherical solid body. 

the diffusion coefficient. 


$ 
T 


On 
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In order to be able to apply the above formula 
to the decarburisation process it is necessary to 
know the diffusion coefficient. According to 
determinations recently published by R. F. 
Mehl and his co-warkers, the diffusion coefficient 
for carbon in austenite, in unalloyed iron, at 
1,000 deg. C. seems to be: 

D = 3.7. 10+? sq. cm. per sec. 
This value has proved to be only slightly 
dependent on the carbon content. 

The equation holds true only on the condition 
that the diffusing element is dissolved in the 
metal. However, at the beginning of the decar- 
burisation the main part of the carbon is 
present in the form of cementite or graphite, 
and only a smaller part is dissolved in the 
austenite, the solubility of graphite in austenite 
at 1,000 deg. C. being about 1.5 per cent. Thus 
the equation cannot be used for exact calcula- 
tions of the decarburisation rate if the initial 
carbon content exceeds about 1.5 per cent. If 
a calculation is made under the assumption 
that the initial carbon content is 1.5 per cent. 
and the equilibrium content 0.02 per cent., it 
will be found that the average carbon content 
in a spherical grain of 3 mm. diameter is 
dependent on the time of decarburisation in the 
following: manner : 

Time of decarburisation, hrs. 1 2 4 8 
Carbon content, per cent. .. 0.50 0.30 0.11 0.03 

According to the equation the time of decar- 
burisation is, further, proportional to the square 
of. the radius of the grain. If in the above 
example the diameter is presumed to be 1.5 mm. 
instead of 3 mm., a carbon content of 0.50 per 
cent. is obtained after 15 min. only and of 
0.03 per cent. after 2 hrs. 

A number of laboratory tests have been made 
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content of, say, 1.5 per cent., will occur more 
rapidly if the initial carbon content is hig'er, 
because in the latter case the carbon woul: be 
higher in the centre than at the surface y jen 
the average content of 1.5 per cent. is reac ad, 
The difference in the rates of decarburis: ‘ion 
is, consequently, actually smaller than a d ‘ect 
comparison of the curves indicates. U der 
favourable conditions the rate of decarburisa- 
tion, therefore, does not differ to any creat 
extent from the maximum rate calculated 
theoretically. 

Consequently, any important slowing down of 
the process due to reduced velocity of the re. 
actions at the surface need not be feared at a 
temperature of 1,000 deg. C. On the other 
hand, the gas composition close to the surface 
of the grain, and therefore also the rate of 
decarburisation, must be influenced to a great 
extent by the rate at which the carbon dioxide 
formed is carried away from the place of 
reaction. This circumstance must be considered 
if the process is applied in practice. 

The temperature has a great influence, not 
only on the equilibrium but also on the rate of 
decarburisation. An increase in temperature 
results in a higher diffusion coefficient of the 
carbon as well as in an increase of its solubility 
in austenite, which also promotes the diffusion. 
Besides, the rate of reaction is increased at the 
surface, though, in accordance with the fore- 
going, this circumstance does not seem to have 
any great importance normally. 


Influence of Alloy Constituents 
The equilibrium diagrams in Figs. 1 and 2 
refer to iron containing carbon without any 
other alloy constituents. The silicon and man- 
ganese contents of commercial pig-iron can, 


TaBLE I.—Heat Balance of Decarburisation per 1,000 kg. of Decarburised Product. 


Production ‘ 
Carbon content of pig-i iron . 
a product .. ‘ 
Temperat ure of granulated i iron on leaving furnace 
escaping gas - sie e ‘ 
Composition of escaping gas. . 





Heat introduced. 


Fe,C ——> 3Fe + C (graphite) ; 38 kg. of carbon at 290 kg. cal. 
C (graphite) —— CO,; 38 kg. of carbon at 7,830 kg. cal. 


Total 


Heat escaping. 


Heat in 1,000 kg. of product at 1,000 deg. C. at 165 kg. cal.. 
om 128.5 kg. of CO, at 400 deg. C. 3.14 mol. at 4,085 kg. cal. 


308 kg. of N, at 400 deg. C. 
Total. . 


Exce: 88 for cov vering radiation losses. . 











11.95 mol. at 2,867 kg. cal. 


600 kg. per hr. (about 15 tons per 24 hr.). 





4.2 per cent. 
05 & 
1,000 deg. C 
400 deg. C. 
21 per cent. of CO, and 79 per cent. of N,. The 
blast is presumed not to be preheated. 
Kg. cal. 
11,000 
298,000 
309,000 
165,000 
12,800 
34,200 
212,000 





- 309,000 — 212,000 = 97,000 





At a production of 600 kg. per hr. this excess corresponds to a heat quantity of 58, 000 kg. cal. per hr. (= 68 kw). 


in order to ascertain what rate of decarburisa- 
tion can be reckoned with in practice under 
favourable conditions. ‘The tests consisted in 
heating the granulated iron in a small rotary 
furnace of quartz glass through which the gas 
was allowed to stream continuously. In one case 
nearly round grains of approximately the same 
size, 1.5 mm. in dia., were used. The grains, 
which had low silicon and manganese contents, 
were decarburised at 1,000 deg. C. in the follow- 
ing gas mixture: 
CO, 8.4 per cent. ; CO 23.0 per cent. ; 
H, 43.2 2 per cent.; H,O 25.4 per cent. 

A curve showing the dectenes of the residual 
carbon with time is reproduced in Fig. 3. 

For comparison, a curve has also been traced 
that shows the carbon content calculated in the 


way mentioned above. The initial carbon con- 
tent has been assumed to be 1.5 per cent. In 
these tests the rate of decarburisation is some- 
what below the maximum rate calculated; for 
instance, the carbon content has decreased from 
1.5 per cent. to 0.25 per cent. in 60 min. as 
against the calculated time of 40 min. It 
should, however, be pointed out that the decar- 


burisation, 


beginning with an average carbon 


however, cause considerable changes in the 
equilibrium ratios. As both silicon and man- 
ganese have a considerably higher affinity to 
oxygen than iron, the presence of either of these 
elements must always cause a decrease of the 
content of carbon dioxide that can be present 
in the gas phase without oxidation of the metal 
also occurring. If the alloy content exceeds a 
certain limit, it should no longer be possible to 
carry out the decarburisation without the metal 
oxidising simultaneously. If the oxidation of, 
say, a siliceous pig-iron takes place, it is, how- 
ever, the silicon that is oxidised in the first 
place, whereas the oxidation of iron will be 
inconsiderable, as long as the carbon-dioxide 
content of the gas does not exceed the limiting 
value of the pure Fe-C-O system. The silicon 
in the surface layer will in this way be succes 
sively diminished to a value that approaches 
equilibrium with the surrounding gas phase, 
after which the continued attack will be 
dependent on the rate at which silicon diffuses 
out to the surface from the interior of the iron 
grain. Thus, both carbon and silicon diffuse 
towards the surface, but as silicon, on account 
of its higher atomic weight, diffuses cons‘er- 
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bly more slowly, the possibility arises‘of decar- 
burising even a siliceous pig-iron in a carbon- 
lioxide/carbon-monoxide atmosphere without 
iny appreciable oxidation of the metal and with 
a CO,:CO ratio that is very nearly as high as 
that for an iron free from silicon. Manganese 
behaves in the same way. The thin oxide film 
formed can, however, cause a deterioration of 
the contact between the gas phase and the metal 
ind thereby impede the decarburisation. 

In order to ascertain what influence the silicon 
and manganese of the pig-iron can have in 
practice on the rate of decarburisation, some 
test series have been carried out with pig-irons 
of various silicon and manganese contents. The 
tests show a rate of decarburisation successively 
decreased with increased silicon, though the 
influence is insignificant as long as the silicon 
content does not exceed about 1 per cent. Man- 
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In the slag-containing zone, which is very 
clearly distinguished from the inner metal low 
in slag, the slag inclusions seem to be evenly 
distributed in regard to both their amount and 
their size. No distinct gradient towards the 
surface can be observed. This is easily under- 
stood, as the solubility of oxygen in a siliceous 
and manganiferous iron is extremely low. Thus, 
the oxygen cannot penetrate further until 
practically all the silicon and manganese are 
oxidised at the depth to which the oxygen has 
reached at any given stage. In the slag zone, 
the slag inclusions should, therefore, contain 
practically all the silicon and manganese of the 
metal in this zone. The inclusions can, further, 
contain a certain amount of ferrous oxide, which, 
however, will be liable to increase as long as its 
activity is less than that of the ferrous oxide 
at the surface of the grain. 





Fic. 4.—View OF THE DECARBURISATION FURNACE AT HAGFORS. 


ganese contents up to 2.5 per cent., on the other 
hand, do not seem to have any influence at all. 
The cause of the retardation of the decarburisa- 
tion with increase of silicon content may be that 
the oxide film formed on the surface becomes 
progressively permeable to the oxidising 
gases, causing a slower rate of decarburisation. 
Manganese, on the other hand, does not seem 
to produce any such passivifying oxide film. 

Even if it has not been possible by means of 
the various tests fully to explain the influence 
of the alloy constituents on the rate of decar- 
burisation, the results still show that the decar- 
burisation of pig-iron with up to about 1.5 per 
ent. of silicon and 2.5 per cent. of manganese 
an be carried out at a rate quite satisfactory 
from a technical viewpoint, and down to very 
low carbon contents. 


less 


Change of Structure during Decarburisation 
Only observation will be made here: 
When decarburising siliceous and manganiferous 
ig-iron down to low carbon contents, there is, 
s previously indicated, always some oxidation 
Iso of the metal, leading to the formation of 
n oxide film, which may, however, be extremely 
iin. At the same time, a certain degree of 
xidation occurs also under the surface, which 
anifests itself in the formation of oxidic slag 
zone next to the surface. These 
clusions are evidently formed by a reaction be- 
veen the and manganese contained in 
he metal and oxygen, the latter diffusing in- 
ards from the surface. On account of the low 
ffusion rate of oxygen, this zone, however, is 
ormally only of a very small depth, say, 
pproximately 0.01 mm. after a very far-reach- 
g decarburisation of a grain 1.5 mm. in dia. 
t about 1,000 deg. C. 


one 


iclusions in a 


silicon 


Summary 


At the furnaces hitherto erected it has proved 
necessary, or at any rate desirable, to add a 
certain amount of blast-furnace gas or some 
other fuel, though the requisite quantity has no 
great economic importance. The object of the 
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additional fuel is in the first place to regulate 
the oxidising influence of the furnace gases in 
different parts of the furnace. Especially when 
refining down to very low carbon contents, the 
gas will tend to become too strongly oxidising at 
the outlet end if no reducing gas is added. If, 
however, the carbon content is not to be re- 
duced so far, it will be at least theoretically 
possible to shut off the gas supply completely, 
because the risk of oxidation of the iron becomes 
less as the remaining carbon content becomes 
higher. It has also been established that under 
certain conditions the furnace can be operated 
practically without any gas supply, i.e., the 
process is run practically as a Bessemer process. 
That the carbon content of the charge can really 
suffice both for its heating and to cover the 
heat losses is evident from the heat balance given 
in Table I. However, if no additional fuel at 
all is used, there is a great risk of an excess of 
oxygen occurring at some point, causing a ten- 
dency to sintering. With the present construc- 
tion of the furnace a certain addition of gas is 
consequently always desirable in order to im- 
prove the reliability in operation. 

The pig-iron analysis to be chosen depends in 
the first place on the requirements of the con- 
sumer of the product. As regards the silicon 
content, it has, as mentioned above, only a 
slightly retarding influence on the decarburisa- 
tion process in amounts up to about 1 per cent., 
and higher contents will seldom be required in 
the product. As a rule, a relatively low-silicon 
content will be desired, especially if the granu- 
lated iron is to be remelted in basic processes. 

The manganese content can be chosen within 
wide limits without the course of the process 
being appreciably influenced. 

The selection of an appropriate grain size is, 
as pointed out previously, of the utmost import- 
ance to the working of the process. The rate of 
decarburisation and with it the output diminish 
rapidly with increased grain diameter, and on 
account hereof the grain size should not be 
allowed to be too large. On the other hand, 
it is desirable from the consumer’s point of view 
that the granulated iron should be not too fine- 
grained. The decarburisation furnace should, 
therefore, be large enough so that even relatively 
large grains have time to be decarburised suffi- 
ciently at the output intended. An appropriate 
upper limit to the grain size will be about 
10 mm. When making material of low-carbon 
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content, for instance, below 0.05 per cent., the 
upper limits should be lower, say, about 5 mm. 

In this connection perhaps the fact warrants 
mention that it is not necessary to force down 
the carbon content of the grains to, say, 0.03 
per cent. in order to obtain this carbon content 
in the steel made in the following steel melting 
process: When producing material with low 
carbon content, the grains in the normal course 
of the process become somewhat oxidised on the 
surface. When the material is then heated 
again in the melting furnace, the oxide present 
causes some further carbon to be removed before 
fusion occurs. Melting tests made have shown, 
for instance, that the carbon content can be 
reduced from about 0.10 per cent., and probably 
more in the grains to between 0.02 and 0.03 per 
cent. in the molten bath. 


Cost of the Process 


As the decarburisation is done with gaseous 
oxygen, an unavoidable loss results during the 
process, corresponding to the carbon content re- 
moved, i.e., normally about 4 per cent. On 
decarburisation to very low carbon contents there 
is, besides, always some oxidation of the other 
constituents of the material to be cunsidered, 
in the first place of silicon and manganese. In 
granulation there seems to be no risk of any 
appreciable loss of material. As appears from 
the foregoing, the amount of additional fucl 
possibly required for the process is insignificant. 
Wages will be low if the production is not too 
small. It will be possible to mechanise the 
operation without difficulty, so that the manual 
labour will mainly be limited to the control of 
the furnace and its accessories. 


The cost of repairs should also be low, among 
other things on account of the relatively low 
operating temperature. As, in addition, the 
capital required for erecting a decarburisation 
unit of this type will be rather modest, the 
product can be obtained at a cost which has 
been proved to render its use as a raw material 
for the manufacture of steel economically 
advantageous under certain conditions. 


Use of the Product 


Decarburised granulated iron is, in the first 
place, intended to fill the need of a low-carbon 
material of known and constant composition and 
of known origin as a raw material for the manu- 
facture of. high-quality .steel. It seems to be- 
come more and more difficult to obtain scrap 
that is sufficiently free from the usual alloy con- 
stituents, such as chromium, nickel and copper, 
besides which there is always the risk of its con- 
taining also other, unknown, impurities which 
may influence the quality. The product will 
have a field of use particularly in such processes 
where no appreciable decarburisation usually 
takes place, such as the electric and crucible 
steelmaking processes. For the acid processes it 
is, of course, necessary that the granulated 
product be made from a pig-iron sufficiently low 
in sulphur and phosphorus. For the basic pro- 
cesses it will also be possible to use granulated 
iron made from ordinary coke pig-iron for the 
production of a material with specific require- 
ments. 

The possibility of reducing the carbon content 
of the granulated iron to particularly low values 
before and during melting seems, besides, to 
open a not unimportant field of application in 
the production of alloy steels with low carbon 
contents. 

The authors suppose that it is too early to 
answer definitely the question whether the 
‘“‘R.K.”’ process may also become of importance 
as a decarburising method for the manufacture 
of ordinary qualities of steel in competition with 
other methods. It does not, however, seem quite 
impossible. The yield is higher than that of 
the Bessemer process, and the conversion costs 
for a large output would be low. The decided 
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Relation of Carbon Nodule Size and 


Tensile Properties 


‘of Malleable Iron’ 


By H. A. SCHWARTZ, H. J. SCHINDLER and J. F. ELLIOTT 


It appears reasonable that in a two-phase 
alloy such as malleable cast iron the physical 
properties might well be a function of the size 
of particles of the discontinuous phase. Since it 
is relatively simple to cause a given white cast 
iron on graphitisation to deposit a wide variety 
of sizes of temper carbon nodules, it should be 
relatively easy to determine how important 
nodule size is and its effect on tensile properties. 


Experimental Method 

Sixteen test coupons of the form usual for 
malleable cast iront were divided into four 
groups, each group being given a different heat- 
treatment. 

Group A was heated to 950 deg. C. for 1 hr., 
oil-quenched and tempered for about a half-hour 
at 500 deg. C, 

Group B was similarly heat-treated except that 
the initial temperature was 825 deg. C. 

Groups A, B and C were then all given a 
commercial anneal. 

Group D was packed in a 3-in. pipe in pig-iron 
borings, heated for 26 days at 725 deg. C., cooled 
and heated 22 days more at 725 deg. C., cooled 
and heated 25 days at 710 deg. C. The inter- 
ruptions were made to permit micro examination 
of the specimen to learn the progress of 
graphitisation. 

The commercial annealing cycle consisted of 
heating in 5 hr. to 815 deg. C., in 4 more hours 
to 925 deg. C., maintaining this temperature 
46 hr., cooling in 4 hr. to 905 deg. C., in 22 more 
hours to 680 deg. C. and then maintaining for 
26 hr. a temperature within the range 680 to 
715 deg. C. In each case the metal was com- 
pletely graphitised at the conclusion of the 
annealing period. 

The specimens were then turned to 0.505 in. 
in diameter with }-in. threaded ends and the 
four bars in each group tested in the usual 
manner. 

The yield strength reported is the so-called 
Johnson’s elastic limit where the relation of 
strain to stress has become one and one-half times 
the initial relation. 

Micro-sections were prepared near the point of 
fracture and the number and size distribution of 
the temper carbon nodules determined by the 
well-known method.t 


Data 


It seems unnecessary to submit individual 
stess-strain curves or even the individual results 


disadvantage of the method, namely, that the 
material is not obtained in the molten state, 
is to some extent counteracted by the fact that 
no apparatus corresponding to the mixer is re- 
quired to keep the iron hot. In comparison 
with, say, a duplex process, in which the 
Bessemer converter is used for a preliminary 
treatment, it is therefore not impossible that 
the ‘‘ R.K.”’ process will under certain conditions 
prove advantageous. The higher nitrogen con- 
tent in the steel produced by the Bessemer 
process should be kept in mind in this connec- 
tion. 

In cases where the pig-iron cannot be directly 
converted into steel, for instance, if the blast- 
furnace is situated at a long distance from the 
steel plant and any hot-metal process cannot, 
consequently, be considered, the advantages of 
the ‘‘R.K.’’ process become more distinct. 

In the case of new plants, the simplicity of 
the method and the low costs of building are 
especially advantageous. 


obtained on bars of the same group since the 
data are closely concordant. Averaged by groups 
the results were as follow :— 























Reduc- | 

Tensile Yield Siew tion | Nodules 

Gp. | strength. | strength. ati nen of per 

Tons per | Tons per Pat cent.| ,,2Te?- cub, 

sq. in. sq. in. "| Percent.) mm. 
A 24-1 12:9 16-5 14-2 40,686 
B 24-5 12-2 11-9 9-7 28,456 
Cc 23-3 13-5 21-7 19-4 135 
D 25-2 16-6 21-3 20-8 30 

Discussion 


It appears that the tensile strength is prac- 
tically not at all affected by the distribution of 
the temper carbon except in the case of group D. 
Since, in order to produce very coarse nodules, 
the anneal was conducted entirely below the 
critical point, it is barely possible, but not at all 
likely, that the difference is due to the heat- 
treatment of the ferrite. A similar statement 
may be made with regard to the yield strength. 
The elongation of the relatively coarse nodule 
iron is definitely higher than that containing 
finer nodules. The reduction of area follows a 
very similar rule. 

It is unfortunate that so large a gap exists be- 
tween the nodule numbers of groups B and C. 
This is due to the fact that while the pre- 
quenching treatment will give very fine nodules, || 
no method was known to use for ensuring that 
the present metal could be annealed with a 
nodule number of say 1,000 or 2,000 per cub. mm. 


Conclusions 


The nodule size of the temper carbon has little 
effect on either the yield strength or tensile 
strength of malleable iron as determined on 
machined specimens. A decrease in _ nodule 
number from about 28,000 to about 135 per 
cub. mm. is accompanied by an important im- 
provement in ductility. No sufficient theory 
exists with regard to the physical properties of 
heterogeneous mixtures to permit a rational 
explanation. 

* Paper presented to the American Society for Testing Materials. 
The work was carried out at the Research Laboratory of the 
National Malleable and Steel Castings Company, Cleveland. 

t+ Standard Specifications for Malleable Iron Castings (A 47-33), 
1936 Book of A.S.T.M. Standards, Part I, p. 486. 

t H. A. Schwartz, “The Metallographic Determination of the 
Size Distribution of Temper Carbon Nodules,” ‘‘ Metals and Alloys,” 
Vol. 5, June, 1934, p. 139. 

|| H. A. Schwartz, H. H. Johnson and C. H. Junge, “‘ Graphitisa- 


tion of Prequenched White Cast Iron,”’ “ Transactions,”” Am. Soc 
Steel Treating, Vol. 17, p. 383 (1930). 








‘*Marksman’s’’’ Anagrams 


The answers to the anagrams given in ‘“ Ran- 
dom Shots ’’ are:— 

‘Rent in two ’’—Winterton. 

‘“Ram Dog’ Gardom. 

“Mask on me ’’—Makemson. 

*“ Threw hop ’’—Hepworth. 

“Run flake ’’—Faulkner. 

** Mud lore ’’—Moulder. 








THe EMATAL PROCESS—an anodic process—has been 
developed by M. Schenk and is, to some extent, 
worked commercially in Switzerland. By incorporat- 
ing titanium, zirconium or thorium salts in the 
electrolyte, white insoluble compounds of these 
metals, which act as pigments, are precipitated in 
the oxide film during its growth and give it an 
opaque-enamel or porcelain-like appearance. The 
coatings obtained can be dyed any required shade. 
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Making and Application of Industrial 
Time and Motion Studies 


By W. E. 


HOLDEN 


(Concluded from page 220.) 


Making the Stop-Watch Study 


Equipment. 


The only special equipment necessary for 
making a Time Study consists of a decimal stop- 
watch and a suitable board on which to write 
the text and times of the operation being timed. 
The stop-watch which has proved very satis- 
factory in use consists of a double-dial three- 
handed watch. The watch has a larger and a 
smaller dial; the larger dial represents one 
minute and is divided into one-tenths and one- 
hundredths. The watch has two main hands 
(A and B) working over the larger dial. It is 
evident that one revolution of either of the larger 
hands is equivalent to one minute. Readings can 
easily be taken to one-hundredth of a minute. 

The smaller dial represents thirty minutes and 
is sub-divided into minutes. One revolution of 
the hand is therefore equivalent to half an hour. 
There are also two press buttons, ‘‘ 1” and ‘“‘ 3,”’ 
and the familiar nurled sphere ‘‘ 2” which, in 
addition to being used to wind the watch, can 
also be depressed. 

Assume that all hands on the watch point to 
nought. On winding the watch by means of 
“2” the usual ‘“ ticking ’’ will be heard, but 
none of the hands will move. On depressing 
button ‘‘ 3’ and immediately releasing it, hands 
A and B will commence to rotate together, in 
fact, hand B cannot be seen as it is directly 
under A. Hand C will also rotate and for every 
revolution of hand A will indicate one minute. 
If button ‘‘ 1’ is depressed and released, hand B 
will immediately stop, while hand A will continue 
to rotate. A further depression of “1” will 
cause hand B to swing in under hand A and 
to continue to rotate with it. The advantage of 
this is that should the observer be required to 
time two happenings occurring very close to- 
gether, it is obvious that if he paused to read 
the time indicated by A he would completely 
miss the second point he is endeavouring to time. 
By simply pressing ‘‘1”’ without taking his 
attention off the job, hand B will stop, indicating 
the desired time which can be read and recorded 
at leisure a little later. (This, incidentally, is 
known as the ‘‘ continuous method ” of timing, 
which will be discussed later.) 


A glance at hand C enables the observer to 
record the whole minutes. If ‘‘3”’ is depressed 
all hands will stop dead wherever they may hap- 
pen to lie. Button ‘‘2’’ must then be pressed 
to bring all: hands back to zero. 


Methods of Timing. 


There are various methods of timing in vogue, 
the most accurate and suitable of which, for 
general Time Study purposes, is the Continuous 
Method. The watch is permitted to run con- 
tinuously during the period of study. The ob- 
server simply records the progressive times at 
commencement or end of each element, using the 
auxiliary hand if necessary, and by subtraction 
later on obtains the various times taken for each 
element. The big advantage of this method is 
that the average sequence time of one element 
from eycle to cycle can easily be deduced. Fur- 
ther, any stoppages that occur must necessarily 
be included in the timing and a complete and 
detailed history of events is thus automatically 
obtained. 


standard and/or rated times. A typical record- 
ing sheet for use with the continuous timing 
method is shown in Fig. 1. 


Shop Work 


Before commencing the actual timing, it is essen- 
tial that the observer make himself absolutely 
familiar with the cycle of operations to be timed. 
Further, all relevant data must be noted on the 
recording sheet. This is most important, as in 
the event of a time standard being challenged 
it must be possible to reproduce the actual ob- 
servations on which the standard was based, 
together with the conditions under which the 
study was taken. 


Having made himself familiar with the opera- 
tion to be timed, the observer must then so divide 
the cycle into elements that sufficient detailed 
times will be available to enable a complete 
analysis of all the elements comprising the cycle 
to be made. 
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Fie. 1.—TypicaL OBSERVATION SHEET FOR A .« 
SrincLe Unir Time Stupy. 


(Continvous Trminc MErTHop.) 


It frequently happens that the cycle of opera- 


This is of fundamental importance tions may take place over an extended area, 


when analysing the Time Study and determining making it impossible for one man to see and/or 
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hear all that is taking place. Also it may be 
necessary to sub-divide the elements to such an 
extent that one man cannot cope with all the 
times. In cases like these more than one 
observer can be used. The stop-watches of all 
observers must be synchronised before commenc- 
ing. Practice has proved that with a little ex- 
perience remarkably accurate co-ordination can 
be obtained by two men working in this manner, 
the one stopping his timing at a prearranged 
point and the other commencing his timing at 
this point. If two men (or three, if necessary) 
can comfortably cope with the elements allocated 
to them, it is sometimes advisable to arrange 
for a certain amount of overlapping. If only 
one man is available for such a study he must 
sub-divide the cycles into smaller cycles and take 
two, three, or even more separate time studies 
to cover the whole process, ‘ 


Rating the Time Study 


When considering the analysis of the actual 
observations made when timing any particular 
operation, most time studies may be classed into 
two broad groups—on individuals doing repeti- 
tion work, and on process work. 


Time Studies on Individuals Doing Repetition 
Work 

When undertaking a series of time studies 
concerning individual operators performing cer- 
tain operations, great care has to be taken that 
sufficient studies are made not only on the same 
individual but on different individuals in order 
that a fair average for the operation concerned 
may be ascertained. Once the average rate of 
working has been satisfactorily determined for 
a given set of operations, other operations of a 
similar nature can be studied in rather less 
detail. The observer, having made and analysed 
many time studies on the initia] set of operations, 
is naturally familiar with the average level of 
skill and effort and can determine the average 
for the new but similar series in one of several 
ways, thus avoiding the expenses of taking a 
good number of studies to determine the new 
average. 

One of the oldest methods is that of selecting 
a time for each element of the operation such 
that the correct weight of the skill and effort 
of the operator is reflected. If an operator ex- 
hibiting excellent skill and effort were timed, 
the analyst would scan the data on the observa- 
tion sheet, studying each element separately, and 
he would select a time value longer than the 
average ; whereas, if a poor operator were timed, 
the selected times would be shorter than the 
average. In other words, the analyst must select 
the various times in such a manner that the 
average’ operator could normally attain them. 
The greatest difficulty with this method of rating 
or levelling is that the analyst must not only 
judge the level of the operator’s skill and effort, 
but he must also use his judgment in scanning 
the data and in selecting times that seem to 
him to represent fair averages that would be 
taken by an average operator. 

Experience has proved that this method is not 
nearly so satisfactory as a method that requires 
the analyst to make some quantitative rating of 
the skill and effort of the subject being examined 
and then to apply these ratings as a percentage 
of the selected time in arriving at the standard 
time or rated output of any job. About the 
best method of assessing the working intensity 
or effort and skill of the operator under these 
circumstances is the sixty-point hour scheme. In 
this scheme the basis is that of an average 
worker of average skill working at a normal 
rate. Such an individual is assessed at sixty 
points per hour for intensity and sixty points 
per hour for skill, and the rating factor for a 
time study made under these conditions would 
be 1, 
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As many greater and lesser ranges of intensity 
and skill may be defined as is found necessary. 
Usually, five ranges are sufficient, arranged as 
follows :— 


























| Skill. { Effort. 
1. Poor .. ..| 45-55 | 
2. Average .. | 55-65 | 1 59 
3. Good 65-75 | 74 | 
4. Excellent 75-85 | | 
5. Super .. .. | 85- Bae: [a - 
The observer then awards, after careful 


scrutiny and consideration, points for ski]] and 
effort in any of the ranges he may think fit. 
For example, an operator may be awarded 74 
in the ‘‘ Good’ range for skill and only 59 in 
the ‘‘ Average ’’ range for effort. 


The times recorded during the taking of the 
Study are averaged out for each element, leaving 
out any obviously abnormal times (not less only 
slightly longer or shorter than the general run) 
and added up to give the time for a complete 
cycle. Supposing this time was xz min., then 

74 + 59 


the base time would be ——— 


x £ min. 


For an operator doing repetition work on a 
machine, it is evident that not only must the 
mean time he takes to perform one cycle of 
operations be levelled, as shown above, to bring 
it to the level of an average operator, but cer- 
tain additional allowances must be made in 
each case. A personal allowance must be made 
to the operator for his personal needs. It is 
found that for heavy work this is much bigger 
than for light work. It may vary from 3 to 7 
per cent., depending on the individual and on 
the class of work. 


Fatigue allowance must be considered, as the 
operator may slow down under heavy work to- 
wards the end of his shift. This allowance is 
becoming of less importance as conditions under 
which the operator must work are nowadays 
almost ideal and mechanical appliances for assist- 
ing in the tiring operations are becoming more 
and more advanced. Allowance must also be 
made for delays due to shortage of material, 
machine trouble, instruction time. ete. 


Dealing with Process Work 


For Time Studies on process work embodying 
a whole plant, it is often advisable to carry out 
special Time Studies to determine allowances that 
must be made from case to case. As mentioned 
previously in the case of process work, the Time 
Study shows up the bottleneck on which the pro- 
duction rate of the train of processes depends. 
Allowances must therefore be determined such 
that, when added to the process time in the 


bottleneck, a reasonable unit sequence time is 
established. 
In this case allowances for personal time, 


fatigue and delays must be made in a different 
manner from that in which they are made whe 
rating a machine Time Study. When considering 
a complex process requiring a Jarge number o! 
men to operate the various controls and guide 
the material, personal and fatigue allowances 
fall away entirely, as there must obviously be 
a sufficient number of men over and above the 
minimum required to act as reliefs. 
Having determined a rated output per hour 
making an allowance, derived from ex- 
perience or preferably special Time Studies, on 
the bottleneck, the shift rate can be established, 
provided there is sufficient statistical data to 
show the average percentage that must be allowed 


by 
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for mechanical-and electrical breakdowns and for 
normal mishaps in the processing, etc, 


Application of Time Study 


Although Time Study is an extremely useful 
and accurate tool for solving many problems, 
care should be taken not to use it indiscrimi- 
nately. The Time Study is a great aid to effi- 
ciency, which in turn implies economy, and be- 
fore deciding to what extent Time Studies are 
to be made on any particular job, the economic 
aspect must be considered. For instance, cases 
could be quoted where any increases in output 
rates resulting from study, while relatively 
large, only resulted in a comparatively small 
annual saving, because only a few operators 
were employed part-time on the job, or because 
the job only required to be done at infrequent 
intervals, In such cases, it is evident that a 
comprehensive and costly investigation is by no 
means justified. 


In other cases, where a large number of opera- 
tives are employed on the same job, or where 
the output of an expensive plant is being con- 
sidered, a minute and lengthy investigation is 
justified, as an increase in the output of only 
one or two per cent. would probably, in a very 
short period, more than repay the cost of the 
investigation. 

The of Time Study methods, 
especially in the case where wage incentives are 
concerned, must be done extremely carefully. 
Organisations that have endeavoured to intro- 
duce scientific methods at one sweep in shops 
where the old methods, although unsatisfactory, 
were well established, have found to their cost 
that human nature is essentially conservative 
and that drastic changes only lead to trouble 
and strife. 

When introducing scientific methods into 
established concerns, the pace must initially be 
extremely slow; later on it will gather impetus 
of its own, and will come into practice regarded 
as a friend and benefactor, rather than an 
enemy not to be tolerated under any circum- 
stances. A good method to adopt is to select 
the most intelligent and broadminded operator 
and to explain the why and wherefore to him; 
make him thoroughly familiar with all details 
of study and application; let him see the bene- 
fits he will gain and convince him, by applica- 
tion of established facts, that he is going to 
benefit. Once one or two operators are con- 
vinced of the fairness and advantages of the 
new system, the others will soon begin to take 
interest, and little by little the new ideas can 
be spread throughout the whole organisation. 


introduction 


Summary 


The author has attempted in a brief manner 
to show the uses and application of the science 


of Time Study. Literally many hundreds of 
books have been written on the making and 


application of Time and Motion Study, many 
hundreds of different methods have been advo- 
cated, and thousands of applications have been 
tried with varying degrees of success. 

If the chaff sifted from the wheat, it 
would be found that Time Study has proved an 
extremely powerful and useful tool in the 
struggle for greater efficiency and reduced costs, 
but it must be used with a great deal of discre- 
tion, Even those who have spent the best part 
of a lifetime in this branch of industry approach 
any new work with extreme caution. 


were 
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thanks to members of the Iscor Efficiency 
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African Tron and Steel Industrial Corporation, 
Limited, for their consent to the presentation 
of the Paper. 
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New British Chemical 


Standards 


BRONZE “CC” (No. 207) AND CAST IRO 
No. 206 


The Bureau of Analysed Samples, Limite«.. 
announce two new analytically standardis 
samples which are ready for issue. They az 
Bronze ‘‘C’’ (No. 207) and Cast Iron No. 206. 

B.C.S. Bronze ‘‘ C’’ (No. 207) has the comp: 
sition: Copper, 86.84; tin, 9.80; zinc, 2.55; 
nickel, 0.09; lead, 0.41; phosphorus, 0.05; iron, 
0.06; antimony, 0.04; arsenic, 0.05, and sulphur, 
0.06 per cent. It corresponds in composition to 
B.S.I. Specifications 382 and 383 (1930) for 
88 :10:2 bronze (gunmetal, ingots, and castings). 
It enables manifacturers and buyers of ingots 
working to this specification to procure a stan- 
dard sample for their chemists to check their 
methods of analysis. This will be especially use- 
ful in cases where the percentage of some con- 
stituent is on the border line of the specification. 

The sample has been prepared from very fine 
turnings from a specially prepared casting and 
is therefore in ‘a more acceptable form than an 
earlier standard of a somewhat similar type 
(Bronze “ A’’). 

Cast Iron No. 206 has the composition: Total 
carbon, 2.59—; combined carbon, 0.05—-; silicon, 
3.32—; manganese, 0.33—; sulphur, 0.063; 
phosphorus, 1.51—; titanium, 0.16—; chromium, 
0.07—; nickel, 0.02—; vanadium, 0.13—; copper, 
0.02—, and arsenic, 0.04— per cent. It was 
specially prepared to meet the need for an iron 
high in both phosphorus and silicon and is 
typical of certain irons manufactured both in 
Cleveland and in the Midlands. 

In addition to the usual five elements, the 
sample has been analysed for all the likely so- 
called ‘‘ minor ’’ elements, as it is frequently 
useful to have a standard in which the minor 
constituents have been determined. For instance, 
these elements are sometimes present in Jarger 
amounts than one would suppose, and they may 
have some influence on the determination of the 
main elements. In this particular case, the 
titanium appears to have affected the usual wet 
oxidation method for sulphur and to have caused 
some of the sulphur to remain in the insoluble 
residue. 

Both the bronze and the iron have been 
analysed by a number of experienced chemists 
including independent analysts and chemists re- 
presenting well-known manufacturers and users. 
The certificate of analyses which is supplied with 
each bottle of standard gives an outline of the 
methods used by the co-operating chemists and 
includes certain comparatively new and interest- 
ing processes. _ 

The standards are issued in bottles containing 
25 grms., 50 grms., 100 grms. and 500 grms., 
and may be obtained direct from the Bureau of 
Analysed Samples, Limited, 3, Wilson Street, 
Middlesbrough, or through any of the usual 
laboratory furnishers. 








Scottish Light-Castings Industry 


The half-yearly report of the General Ironfitters 
Association, issued in Falkirk, states that both 
light-castings employers and trade unions will re- 
quire to exert themselves with a view to obtaining 
a fair share of war work. It is stated that in mid- 
Scotland, Falkirk, Bonnybridge and Bo’ness alone, 
over 5,000 men will be affected, and some outlet for 
their energies must be obtained. In the last war 


the industry was able to obtain suitable orders «an 
switch over to the new trade with such success ‘hat 
Falkirk and Bo’ness became hives of industry. Tere 
is a change in the requirements in this war con 
pared with the last, but the same firms and the 
same workers are still there, and can adapt t!™- 
selves to any new requirements as they did bei 
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Automatic Control of Furnace 
Temperature 
USE OF POTENTIOMETRIC REGULATORS 


Much has been written and claimed on behalf 
of what is termed “ straight line control ’’? with 
reference to the automatic control of the tem- 
perature of a furnace or bath. The condition, 
infers that the temperature once 
attained will not vary by an amount readable 
on the indicator scale or recording chart of the 
controller. It will be obvious, however, that 
such a condition cannot be acquired solely by 
an automatic regulator, as it must be largely 


-- 


ot course, 


race | 
! 
' 





Fic. 1.—ConTROLLER FoR Gas, OIL oR 
ELectrRic FURNACES. 


influenced by furnace design, the sensitivity of 


the heat-receiving unit, and by any lack of 
uniformity in the conditions within’ the 
urnace; for instance, if a furnace is_ badly 


lagged and loses heat quickly, or if the con- 
ection currents within are great, then, no 
natter sensitive the regulating mechanism 
may be, the controlled temperature is bound 
between certain limits depending 
pon the efficiency of the furnace. Thus a 
saw tooth ’’ record may be a more reliable 
ndication of accurate and_ effective control 
straight line. In any case, it cannot 
istly be claimed that any regulator will give 
control without reference to the 
which the instrument is to 


how 


oscillate 


hah a 


raight-line 


iditions under 


wk. Indeed, it is correct to say that if the 
vulator is sufficiently sensitive and the heat 
eiving units are properly placed, then 
iunting ’’ or temperature variations within 


its are bound to oecur and be shown on the 
irt. It is partly to show these variations and 
ep them within permissible bounds that re- 
installed. 
modern furnaces is such that 
rulation can be acquired within very narrow 
its, but to obtain the best results, it is desir- 
le to consult with the regular manufacturers 
hen considering a particular installation. 
The Cambridge Instrument Company, Limited, 
ndon, manufacture controllers for use in con- 
nection with either base or rare-metal thermo- 
uples, resistance thermometers, Féry telescopes, 
other suitable electrical means whereby the 
temperature or other condition to be controlled 


ding regulators are 


The design of 


is measured. Normally, they work upon the 


potentiometric principle, and as Wheatstone 
bridges when used with electrical resistance 
thermometers. A galvanometer forms the 


sensitive detecting unit, the ‘‘ balanced ”’ or null 
position of the pointer being adjusted by a 
rheostat to correspond with the temperature 
at which control is desired. Any deviation from 
this temperature results in the tilting of a 
mercury switch, thus breaking or making the 








Fie. 2.—Reeu.ator to ContrroL, THREE 
ZoneES AT DIFFERENT TEMPERATURES. 


electric supply or actuating electrically operated 
valves controlling the supply of heat. 

The instruments are available to control tem- 
peratures from 200 deg. C. to 2,000 deg. C. 
It is possible to arrange the scale so that it 
corresponds to the working range, the 
mum range being dependent on the type of 
sensitive element used. An accuracy of control 
to 0.1 per cent. of the full scale reading of the 
instrument obtained. When 


mini- 


can be using 





iG. 


4.—REcORDING 
ON GAS- oR 
IF’ URNACES. 


CONTROLLER 
O1-FTRED AND 


FoR USE 
ELEcTRIC 
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thermocouples, an automatic cold-junction com- 
pensator is fitted, and, if desired, a broken 
thermocouple device can be incorporated, which 
switches off the furnace if the thermocouple 
circuit is broken, 

Any length of connecting lead can be used 
without affecting the accuracy of calibration ; 
the regulator may thus be situated at a position 
remote from the furnaces. The current for the 
potentiometer circuit is supplied by a dry cell 
which normally lasts for about a year and need 
only be standardised once in 24 hrs.; this is a 
simple operation, and if desired, automatic 
standardisation can be fitted. 

A controller of high accuracy for use on gas- 
or oil-fired and electric furnaces or to control 
the flow of steam or liquid is shown in Fig. 1. 
It is supplied in where it is 


cases desired 


[—--— :' - 


| 





Fig. 3.—ConrTroLteR FoR AUTOMATICALLY 
VaRyYING TEMPERATURE TO A PRE-ARRANGED 
Time-TEMPERATURE CYCLE, 


accurately to control the temperature or other 
conditions without obtaining direct indication or 
records on the controlling instrument. The 
actual temperature at any time can be deter- 
mined by rotating the calibrated dial until the 
galvanometer rests at zero, when the value will 
be indicated by a white arrow head. The scale 
of this instrument can be ‘set up” to any 
desired figure, the minimum range being de- 
pendent upon the type or sensitive element used. 
In this manner the working range can be spread 
over a control scaie s+ im. long, thus giving open 
calibration. The accuracy of control obtainable 
is + 0.1 per cent. of full seale (i.e., 1 deg. for 
a range of 1,000 deg. C.). 

The standard available when using 
thermocouples as sensitive elements vary from 
zero to 300 deg. C. to a range from zero to 
1,400 deg. C. 

Fig. 2 regulator designed for con- 
trolling three zones at different temperatures. 
This instrument is a modified form of the con- 
troller shown in Fig. 1. It incorporates a 3-zone 
distributor arranged automatically to switch into 
circuit each zone in turn. Each switch will 
deal with a current of 6 amperes. The distri- 
hutor is operated by the driving motor of the 
controller, and the speed of operation is such 
that the connections are changed over once 
every 7 secs., a complete cycle of control being 
thus obtained in 21 The temperature for 
each zone is set independently on one of three 
calibrated dials. 

Another instrument of potentiometer pattern 

(Concluded on page 242.) 


ranges 


shows a 


secs. 
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Workable Control Systems and Benefits 
to the Enamel Plant’ 


By J. E. 


The production of porcelain enamel finishes 
on metal involves not only thermal treatment to 
fuse the finished material to a vitreous or glassy 
coating, but also proper preliminary preparation 
of the surface upon which the enamel slip is 
applied, adequate preparation of the enamel slip 
as regards fineness of grinding and consistency, 
and efficient methods of application. In all of 
these operations control must be practised to 
obtain the best results and economical costs. 

The number of operations necessary to produce 
the finished article, and the human element 
involved in the different processes, present an 
open door for troubles to step in at any time. 
With increased knowledge, better equipment and 
close control, the amount of trouble to-day is at 
a minimum, in comparison to the troubles en- 
countered in years past. 

With close control and careful supervision of 
the various enamel shop operations, the large 
important errors occur but seldom, but small 
errors or lapses from standard unfortunately 
can creep in. When an accumulation of small 
errors occurs troubles occasionally result which 
are hard to track down and eliminate. 


Raw Materials as a Factor in Enamelling 

The enameller is often at the mercy of the 
economics of the purchasing department as re- 
gards the base metals and other materials used 
and also the number of sources from which 
material is procured, and likewise occasionally 
suffers from poor design of parts to be enamelled, 
poor foundry or metal shop practice and other 
factors beyond his immediate control; but it 
is often possible to co-operate with the depart- 
ments mentioned to approve practices or sources 
of supply. Towards this end materials speci- 
fications should be set up, and only such materials 
as meet these specifications, after due testing, 
should be placed on the approved list. 


Pickle Room Practice 


Any and all of the pickle room operations, 
including the cleaning, various rinses, the acid 
pickle bath itself, and the neutraliser, are 
sources of enamel shop trouble unless the opera- 
tions are efficiently carried out. Since cleaning 
and pickling involve chemical reactions, process 
specifications should be set up and_ control 
exercised. 

The purpose of alkaline cleaning solutions is 
to remove grease and oil contamination from the 
fabricated parts which are to be finished in 
porcelain enamel. There are a great many 
cleaners which have the ability to emulsify and 
saponify oil and grease, but unless the cleaner 
has free rinsing qualities, it will contaminate 
the solutions which follow this operation. Hot 
rinse tanks with overflowing water minimise the 
possibility of this later contamination. 

The acid pickle operation for removal from 
the sheet iron of all scale, rust and other oxides 
is usually easily controlled as regards strength 
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and temperature of solution and iron content. 
However, ware which has not been properly 
rinsed may be coated with a thin film, which 
prevents the usual acid attack, which in turn 
can result in blisters, black specks, boiling and 
copper-heading. 

Following the acid bath, a thorough rinsing 
of the ware removes the acid and acid salts from 
the pores and crevices of the metal surface. Hot 
rinse water is much more effective than cold 
rinse water in removing this film of acid and 
acid salts from the ware. If a hot bath is 
checked for acid content, it will show a higher 
percentage of acid than a cold bath, indicating 
that the hot water rinses more acid from the 
ware than cold water. 

Several different types of neutraliser are in 
use to-day. Combinations of soda ash and borax 
are probably the most commonly used. Soda ash 
used alone as a neutraliser has a tendency to 
carry over into the dip tank and cause loss of 
set in the ground coat. Neutralisers which con- 
tain a high percentage of sodium cyanide, tri- 
sodium phosphate, or other salts also react as 
a setting-up agent in the ground coat enamel, 
causing a change of set and poor draining 
qualities. 

Although not essential, it is considered good 
practice to use two neutraliser tanks. The first 
tank is then preferably used fairly strong, be- 
tween 0.4 and 0.5 per cent. Na,O, following this 
with the second tank, which is a weak solution 
about 0.1 per cent., with increase in tempera- 
ture up to boiling if desired. Extremely hot 
neutraliser tanks are not, however, to be re- 
commended with stronger neutralising solutions. 


Millroom Practice 


Several enamel shop troubles and_ defects 
have their origin in the millroom. Overheat- 


ing of the enamel slip during grinding, or 
lapses in grinding from other causes, brings 


about difficulties with respect to the set of the 
enamel, dipping, draining and spraying, as well 
as surface texture. Contamination of the slip 
from inferior grinding pebbles or linings, from 
grinding off iron or rubber from the millheads, 
impurities introduced with poor-quality clay, or 
contamination introduced by unloading the mills 
with improperly filtered air, will cause black 
specks and in some cases blisters. Material 
specifications and process specifications should, 
therefore, be set up, control tests made and 
specifications adhered to, that such troubles may 
not be encountered. . 


Ground Coat Application 


In ground coat application the principal 
trouble encountered is improper draining, This 
is affected by the surface structure of the metal 
itself, as regards the degree of etching, and by 
the kind and amount of salt left on the surface 
of the ware after neutralising. It is likewise 
affected by the consistency of the ground coat 
enamel slip, which is controlled by the mill addi- 
tions, fineness of grinding, composition of and 


amount of water used, as wel] as temperatur 
of milling of the enamel, temperature of storage, 
temperature of enamel slip in the dipping tank 
and temperature of the ware being dipped. 

Uneven ground coat application leads to the 
possibility of overfiring in the thin areas, with 
resultant burning-off, copperheads and _shiner- 
scale, and to underfiring in the heavy ground 
coat areas, with the possibility of fishscales, 
blisters, reboiling, hairlines and chipping. 

Contamination of the ground coat slip in the 
dipping tank should be guarded against. The 
major source of contamination is small particles 
or slivers of metallic iron, introduced into the 
enamel slip from the surface and sheared edges 
of the pickled ware. Good practice calls for the 
removal of this contamination by the use of a 
magnetic rake at the dip tank and frequently 
passing the entire lot of material through an 
efficient magnetic separator. 

Excessive lime salts in the neutraliser tank, 
particularly any material which may have been 
deposited as scale on the sides of the tank or 
on the heating coils and later chipped off, are 
a frequent cause of blistering, if the material 
carries over on the ware and contaminates the 
ground coat enamel slip. An accumulation of 
lime deposit in the neutraliser tank can to a 
large extent be eliminated by the use of a filter 
press on the neutraliser solution. 

Process specifications should be set up to cover 
ground coat consistency and application, and 
control methods instituted to guarantee that the 
process methods are adhered to. 


Ground Coat Burning Practice 

Underfiring of the ground coat will probably 
lead to such defects as fishscaling, poor ad- 
herence, blistering, jumpers, hairlines or re- 
boiling. Overfiring often leads to shinerscaling 
of the ground coat, copperheading, burning-off, 
and may lead to boiling through of the ground 
coat into the cover coat enamels applied thereon. 

The firing cycle, or rate of temperature in- 
crease on the ware being enamelled, is known to 
have a great effect on the degree of bond of 
ground coat to the metal, as well as copper- 
heading and re-boiling tendencies. AJ) furnaces, 
particularly continuous furnaces, have individual 
heating characteristics, which often require 
special studies if defects of the type mentioned 
are existent. 

Process specifications can be set up on this 
operation, based upon producing the best results 
together with desired production and costs. Con- 
trol test and checks should be made to ensure 
the recommended practice being followed, and 
checks can also be made on the efficiency of the 
combustion of fuel being used, if such efficiency 
falls within the domain of the enamelling depart- 
ment control, rather than under the plant engi- 
neer or maintenance superintendent. 


Cover Coat Application and Burning 

To avoid troubles in cover coat application, 
fineness of grinding, the specific gravity and 
consistency or set of enamel slip should he 
closely controlled. Lack of sufficient covering or 
opacity of enamel after firing is often caused 
by using enamel of too low a specific gravity, 
which causes the sprayers to misjudge their 
weight of application. Tearing and crawling of 


the enamel are affected by the fineness of grind- 
ing, specific gravity, and the setting-up agents 
used in the enamel, as well as by the weight of 
application and drying conditions. 
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GLANTON 
for TENSILES 





Tensiles of 12-14 tons per 
sq. in. are regularly obtained 
on mixtures using Glanton as 








a basis. 
Analysis 
Graphitic| Combined | Total 
Carbon Carbon | Carbon] Silicon Sulphur Phos. Mang. 
% Yo So So To So % 











335 | 0.35 | 3-7 | 2.0-3.5 | .02-.04 | 0.§-0.75 | 0.7-1.0 
| 

















The Stanton ironworks Company 


Glanton can be confidently used for the 
general strengthening of all cupola mix- 
tures at small cost. A series of mixtures 
using Glanton were made in an 18’ 
Cupola to ascertain the strength which 
could be expected in the average foundry 
where high grade metal is required. Full 
particulars are available on application. 


Limited, Near Nottingham 


The largest producers of foundry pig iron for the free market in Great Britain. 
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Orange-peel effect is usually considered to be 
primarily a result of poor spraying practice, 
but is likewise affected by the fineness of grind- 
ing of the enamel, specific gravity and general 
condition of ‘‘ set ’’ of the slip. 

Chipping is directly affected by the weight of 
application of the cover coat enamel, being 
minimised by the application of thin and uni- 
form coatings. Heavy application or the appli- 
cation of too many coats increases the hazard. 

Contamination of the sprayed ware must be 
closely guarded against. Shop dust is drawn 
through the spray-booths and is also liable to 
fall upon the ware during the drying process. 
Oil and scale in the air lines or flexible hose 
may contaminate the sprayed coatings. Waste 
enamel which builds up in the spray booth 
should be kept as clean as possible and removed 
at frequent intervals to clean storage containers, 
or ware later processed in this enamel will be 
of poor appearance. 

Care should be taken in handling the ware 
after cover coat application, particularly after 
drying, and at the brushing tables, in order to 
avoid hairlines, scratches, and other defects 
caused by careless treatment. 

Underfiring of cover coat results in lack of 
proper gloss and to scumming with certain types 
of enamels, particularly those made from more 
opaque frits. Blisters do not have the tendency 
to break and heal in an underfired enamel, and 
orange peel cannot be entirely eliminated by 
hard firing. 

Overfiring may cause a lack of opacity in the 
enamel coating due to the ‘burning up’’ or 
solution of opacifier in the enamel frit. It may 
likewise result in burning-off of edges or black 
edged areas, pinholes, and fire marks in the sur- 
face, and in devitrification of enamels made from 
certain types of frit. Colour is greatly affected 
by overfiring, particularly in the case of pastel 
shades and with reds, orange and other colours 
involving the use of pigments which are sensi- 
tive to heat. Black specks are especially to be 
feared, since the overfiring may lead to reboil- 
ing of the ground coat. 

Warpage is always a hazard with overfiring, 
particularly if the overfiring is the result of 
increased temperature, and sagging of the 
metal will be encountered if the ware is burned 
on pins in box-type furnaces. 

As in the case of firing ground coats, the tem- 
perature cycle during firing likewise affects the 
result obtained in cover coat firing, particularly 
from a gloss and reboiling standpoint. In the 
case of fuel-fired furnaces, a ‘‘ gassy atmo- 
sphere ’’ may cause scum, blisters, pits or re- 
boiling. Process specifications, similar in nature 
to those covering ground coat application and 
burning, likewise should be set up for cover coat 
practice. 


Process Control Methods 


The modern porcelain enamelling practices of 
to-day are built up on the methods and facts 
developed in the hard school of experience by 
the so-called ‘‘ ol2-time enamellers,’’ supple- 
mented by information furnished and practices 
inaugurated by chemists, ceramic engineers and 
other technologists. The enamelling industry of 
to-day owes a debt of gratitude to the ‘ old- 
time enamellers,’’ who better deserve to be called 
‘‘ pioneer enamellers,’? who carried on when 
enamelling was an art. 

The practical enameller of to-day can be de- 
fined as the man who operates his department 
on the basic common-sense principles developed 
by the “ pioneer enamellers,’’ supplemented by 
modern engineering practices and control. 

Successful enamel plant operation as regards 
quality of the finished product should embrace 
three basic principles :— 

(1) Use materials of known and appreved 
uniformity. 
(2) Determine the most satisfactory methods 

‘or each step in the process. 
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(3) Develop means to ensure control of these 
process methods. 


Manufacturing Material Specifications 


Specifications for materials used in manufac- 
turing processes should include a detailed outline 
of qualities desired in that material, tests which 
the material shall pass, and other pertinent data. 
Materials which, after proper tests, meet these 
specifications should be placed on an ‘‘ approved 
list.”’ Complete approval of new materials should 
not be given until any laboratory tests are con- 
firmed by production test runs. 

It is sometimes well to advise the purchasing 
department that all materials in any one classi- 
fication on the approved list cannot always be 
used interchangeably without some change in 
processing methods. The purchasing department 
should notify the enamelling department when a 
change in source of an approved supply has been 
made, so that processing changes may be made if 
required. 


Process Specifications 


Process specifications are merely a _ written 
record of the details which have been found to 
give the best results for each operation. They 
are in fact a set of operating rules or laws, 
just as rules are required for carrying on a 
cricket or football match. Considering them as 
operating rules or laws, the specifications for 
each process should be studied carefully before 
they are approved as standard. 

It is impossible to define a set of specifications 
which will apply to a number of plants, since 
local conditions to a great extent determine the 
enamelling practice. The following is a brief 
list of the information to be included in the pro- 
cess specifications for a plant enamelling only 
sheet metal. 


Millroom 

(a) Mill Additions.—To be complete in every de- 
tail, including water. (b) Weight of pebbles for 
each mill. If porcelain balls be used, state per- 
centage of each size. (c) Speed of rotation of 
each mill. (d) Care of milling equipment :—(1) 
Inspection of lining; state number of times per 
month for complete inspection. (2) Inspection 
of pebbles or porcelain balls. All pebbles should 
be removed at regular intervals and sorted, and 
broken pebbles replaced. (3) Maintenance of 
constant pebble charge. Regular additions of 
pebbles up to specified weight are necessary to 
maintain constant grinding conditions. (e) In- 
structions for loading and unloading mills. (f) 
Method of testing fineness of enamel. (g) Fine- 
ness specification for each enamel. (h) Milling 
time or number of revolutions required for each 
mill, (i) Correct mesh for screening each enamel. 
(j) Specific gravity or consistency for spraying 
and dipping. Set minimum and maximum 
specific gravity or consistency limits at which 
enamel may be delivered to enamelling depart- 
ment. (k) A maximum temperature for the 


milled slip immediately upon completion of 
grinding should be set and adhered to. 
Pickling 


(a) Cleaner Tanks:—(1) Strength (state kind’ 


of cleaner and method of testing); (2) tempera- 
ture; (3) time (state any exceptions to stan- 
dard practice); and (4) how often solutions 
should be changed (this should be stated in 
number of square feet cleaned, or available 
alkali ratio). 

(b) Pickle Tanks:—(1) Strength (state kind 
of acid and method of testing); (2) tempera- 
tures; (3) time (state any exception to standard 
practice); (4) iron content permitted; and (5) 
how often solution should be changed (this 
should be stated in square feet pickled and also 
permissible iron content), 

(c) Neutraliser Tanks :—(1) Number of tanks; 
(2) strength and composition (state materials 
used and method of testing); (3) time; (4) tem- 
perature; and (5) how often solution should be 
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changed (this should be stated in number o 
square feet neutralised. 

(d) Rinse Tanks :—(1) Outline practice (cov: 
such details as the use of hot or cold water an 
method of charging). 

(e) Driers:—(1) Type; (2) temperature; an 
(3) time. 


Enamel Application 

(a) Ground Coat Application :—(Note: Specii 
any parts that are to be sprayed in ground 
coat.) (1) The weight of dry ground coat ps 
square foot (give any exception); (2) specifi 
gravity, when properly ‘‘ set up ’’; and (3) out. 
line method of drying. 

(Lb) Cover Coat Application:—(Note: Specify 
any parts that are to be dipped in cover coat.) 
(1) Weight-of dry cover coat per square foot 
per coat (give any exceptions); (2) specific 
gravity proper for spraying; and (3) outline 
method of drying. 

(c) Ground Coat Burning :—(1) Furnace tem- 
perature (give correct temperature and all 
thermo-couples of each furnace for all enamels) ; 
and (2) burning time and chain speed (this will 
vary for each enamel and may vary for different 
parts). Note: A system of inspection of all ware 
between coats should be developed and recorded 
in these specifications. 

(d) Cover Coat Burning:—(1) Furnace tein- 
perature (give correct temperature and _ all 
thermo-couples on each furnace for all enamels) 
and (2) burning time and chain speed (this will 
vary for each enamel and may vary for different 
parts). 


Process Control 


Having set up material specifications and pro- 
cess specifications, in greater or lesser detail, 
the next point is to see that such prescribed 
practices are followed. This is process control 
and involves the collecting and organising of data 
on the various steps in the enamelling process. 
The amount of work entailed in carrying out pro- 
cess control varies with the size of plant. Larger 
companies usually have two, three or more men, 
whose sole duty is to check each operation as fre- 
quently as possible and correct any deviation 
from standard practice. 

Smaller plants may have only one control man, 
or may rely upon the foreman to gather this 
information and make use of it. It should be 
emphasised at this point that data and records 
collected are useless unless records are frequently 
checked and immediate’ steps taken to correct 
any changes from standard practice as shown by 
the control data collected. 

Obviously, the routine of collecting process 
control information will vary widely in different 
plants, but certain routine information with re- 
gard to the operation of the pickling room, 
milling records, fineness tests, specific gravity 
and ‘consistency of the enamel slip, ground coat 
dipping weights, burning trials of cover coat 
enamels, cover coat spraying weights, burning 
procedure, and tests for acid resistance of acid- 
resisting enamels, should be included. 


Milling Records 

One convenient way in which milling data 
may be kept is in the form of a large printed 
tag, so perforated that it may be divided into 
two or three parts. Data giving the complete 
mill charge as regards the amount and kind vi 
materials may be recorded on the lower part or 
the two lower parts of the tag. One of these 
two parts may be sent to the material control 
department or cost department, whereas on the 
other part pertinent information as regards fine- 
ness of grinding, condition of the fired sample 
and the amount of milled enamel produced may 
be recorded. The upper part of the tag, punched 
for an eyelet, should contain information giving 
the serial mrumber and data of the milling, kind 
of enamel and denote whether the enamel meets 
specified screen tests and whether it has passe: 
through the magnetic separator. This tag may 


awinmanwnp KR 14490 




















OctToser 5, 1939 FOUNDRY TRADE JOURNAL 241 


















pues : ” ae 
Coke-fired ‘‘ Korex’’ Tray Cabinet Stove. . 6 
Core-plate area 85 sq. ft. May be extended to Multiple Tray Cabinet Type Core Stove fired 


Multiple Chamber Type Core Stove for racks 
x3’x 6’. May be extended to 12 chambers. 
take a double cabinet. with coke breeze. Separate control for each chamber. 








CORE AND MOULD 
DRYING STOVES 


Important Announcement 


We are now manufacturing the well-known 
Neustadter Core and Mould Drying Stoves. These 
stoves are in use in hundreds of Continental 
foundries and have gained a high reputation for 
Seaae cat ek. es ales accurate regulation and uniformity of temperature 
ln. and the production of cores of highest quality. 
Scientific core-drying control is now possible, in a 

range of types of stoves to meet every foundry 

need. We specialise in the modernisation of existing 
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Tel.: MIDland 4753-4. Telegrams: 


stoves under guarantee. Ask for Folder No. 203. 
THE TITAN WORKS, 
= ONSIRUCTIONA BIRMINGHAM, 12. 


cabinet. Temperature control 100°-350°C 





“* Structural.” 

















Copper additions to cast steel and iron improve soundness and mechanical properties. 


Full information on the advantages of copper can be obtained from the C.D.A. The technical resources of the 
Association are always available free of charge. 


COPPER DEVELOPMENT ASSOCIATION 


THAMES HOUSE, MILLBANK, 


LONDON, 


S.W.1 * TELEPHONE: VICTORIA 3912 * TELEGRAMS, CABLES: CUPRUM, LONDON 
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be attached to the enamel container and serve 
as a means of identification until the contents of 
the container have been used. 

Another form of milling record may be kept 
on a large printed and ruled chart or sheet 
and should contain data giving the milling num- 
bers, complete mill charge in terms of frit and 
other mill additions, data on the fineness tests, 
fired samples and any other pertinent data. The 
importance of uniform practice in milling enamel 
cannot be overstressed. For this reason it is 
essentia) to standardise the methods of testing 
each milling. 

The specific gravity of each milling of enamel! 
should be checked as a measure of control on 
the amount of water added to the frit for milling 
and also as a standard upon which the fineness 
tests may be run. A check on this may be 
obtained by determining the weight of exactly 
100 ml. of enamel. The two most valuable checks 
on milling are the fineness test and the burned 
samples. : 


Fineness Tests on Milled Enamel 


Practically all screen tests are a variation of 
the following method. The enamel, as it comes 
from the mill, should be passed through a 30- 
to 40-mesh screen to remove any extremely coarse 
particles of unground frit, and 50 ml. of enamel 
then measured into a graduated glass cylinder. 
The fineness test is conducted by washing this 
amount of enamel through a 200-mesh flat screen, 
drying, tapping and weighing the residue. 

The clay and enamel fines should be washed 
through the sieve held under a stream of gently 
running water; care should be taken not to 
splash any of the enamel mixture out of the 
screen. When all the fines have been washed 
through, the residue and sieve should be 
thoroughly dried. They may be dried over a 
gas or electric hot-plate, or small gas stove such 
as is issued in the mill room for boiling borax 
solutions. The heat should not be so extreme 
as to melt the solder with which the wire screen 
is fastened to the brass frame of the sieve. If 
gas be used, the hot-plate should be covered with 
a piece of sheet metal. It is well to raise the 
sieve about an inch above either a gas or an 
electric hot-plate. This protects against the 
melting of the solder in the sieve, and also allows 
a slight circulation of air underneath and 
through the sieve, which will assist in drying 
the residue. The screen and residue may also 
be dried by placing under the fork of a box-type 
furnace, where the heat from the hot burning 
tools and ware will dry the materiabh. 

After the residue and sieve have been 
thoroughly dried, it is necessary to shake and 
tap the screen so that any material finer than 
200 mesh may be sieved out. In the main this 
will consist of particles lodged in the meshes 
and held there by the moisture. This final siev- 
ing test can be best accomplished by a com- 
bination sliding and up-and-down tapping of the 
screen on the top of a table or any other con- 
venient flat surface. This tapping and dry 
screening must be continued until no further 
material passes through. Another common and 
more satisfactory means of performing this siev- 
ing is by the use of a mechanical shaking 
machine. This method ensures the uniformity of 
the final sieving action and eliminates human 
error. 

The final residue should be brushed down to 
one edge of the screen, and then dumped out 
on to a piece of clean paper, from which it is 
transferred to the scales or balances for weighing. 


Care and Checking of Screens 

The chief care to be used in the flat screen 
method’ is the care of the 200-mesh sieve itself. 
It must be remembered that a fine-mesh sieve 
depends for its accuracy upon the size of open- 
ings between the woven bronze wires. A fine 
sieve naturally requires fine wires, and these 
stretch in time—a short time if the screen is 
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roughly handled—changing the size of the open- 
ings. These fine wires are easily broken and 
rather than throw away a valuable sieve the 
whole is soldered, a practice which does not 
improve the value of the sieve. Enamel glass is 
forced between the wires, plugging some open- 
ings and warping adjoining ones. As a result, 
after a few weeks of use in the millroom control, 
the average size of the sieve openings has been 
changed and the results of tests may be several 
per cent. in error. 

In the washing of enamel slips through screens 
and the subsequent drying operation, the meshes 
become choked with glass which is difficult to 
remove, and, in drying, the solder often melts 
or otherwise deteriorates, giving rise to holes 
around the edges. It is good practice to use 
two screens in the process—a rather old one for 
washing the sample and drying it, and a newer 
screen for final dry screening. It is recommended 
that a standard screen be provided for checking 
purposes, and that allcontrol sievesbe checked at 
least once a week, either against the standard 
sieve or against a standard slip of known fine- 
ness. If the control sieve proves to be in error, 
a correction factor can be readily computed to 
bring the readings to the correct value. 

At best, the fine-mesh sieve is a delicate tool 
for use in an enamel shop. It is unfortunately, 
at present, the best test available, and must be 
used if fineness tests are to be run. Care must 
be exercised in maintaining an accurate check 
on the screens, and they must be handled with 
the thought in mind of the screen’s weakness. 


Burned Trials 

It is very important to make a burned trial 
from each enamel, In this way it is possible to 
detect almost any mistake made in the prepara- 
tion of the enamel. Very little time is required 
to make these trials if proper equipment is 
available. A small spray booth, cup spray 
gun, drier and a small electric furnace are neces- 
sary. The small furnace is not essential, but is 
convenient, particularly in the case of colour 
matching. Many companies prefer to make the 
burned trials under actual production condi- 
tions rather than in a laboratory furnace. The 
size of the sample should be standard and 
approximately 2 sq. ft. in area. With experi- 
ence, the operator can learn to standardise the 
thickness of coat and other factors. 


Methods of Determining Specific Gravity of 
Enamel Slips 

The specific gravity of the enamel slip may be 
determined by weighing any given volume of the 
slip and converting the result into weight in 
grams per 100 ml. of material, this being the 
specific gravity of enamel slip. For control pur- 
poses it is satisfactory to weigh any given volume 
of slip, preferably a large one, and standard 
weights can be set up for that given volume. 

Since glass volumetric measures are quite easily 
broken when used around an enamel millroom, 
a copper or brass vessel may be used. The volume 
of this vessel can easily be determined in milli- 
litres by filling it with water and weighing. 
The difference in weight of grams between the 
water-filled and empty flask is equal to the 
volume of the flask in millilitres. It is thus 
possible to determine easily the specific gravity 
of a given slip with a sufficient degree of accuracy 
without the use of a delicate sensitive equipment. 
A metallic flask frequently should be checked 

calibrated for volume with water as out- 
lined above to take care of any changes in the 
volume due to dents or change in shape of the 
flask. 

Typical specific gravities for various types of 
enamels are given in Table I. These may vary 
slightly from the limits indicated for a few 
special local conditions, but as a whole they are 
fairly representative of average shop practice. 
Some shops use a unit of ounces per pint, and 
the above may be changed to those units by 
multiplying by 16.7. 


or 
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In the event that any specific gravities var 


. 
widely from the limits outlined above, it would 
be well to investigate the mill additions of tiie 


given enamel. A general rule for correcti 
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TaBLE I.—Typical Specific Gravities of Frits. 








Sheet-steel ground coat as dipped 1-58 to 1-6 
Sheet-steel cover coat for two-coat 

work and one-coat food compart- 

ments .. a Part ee al 1-80 to 1-83 
Sheet-steel cover coat for one-coat | 

stove and refrigerator exterior work | 1-84 to 1-8 
Sheet-steel acid-resisting enamel --| 1°83 to 1-87 
Cast-iron leadless ground coat ..| 1-72 to 1-78 
Cast-iron lead cover coat ink .-| 2°35 to 2-50 
Cast-iron leadless cover coat .. --| 1-83 to 1-87 





abnormal specific gravities is to lower the elec- 
trolyte content in the mill if the specific gravity 
is too low, and raise the electrolyte content if 
the gravity is too high. It is to be understood 
that this is a general rule and cannot be expected 
to hold in all cases. 


Control of Consistency of Enamel Slips 


Although in many plants the consistency of 
the various enamel slips may be fairly well con- 
trolled, at least for spraying purposes, by keep- 
ing all mill additions constant and running the 
enamel at a standard specific gravity, other 
plants make use of consistency measuring de- 
vices, particularly where the enamel is applied 
by draining or by dipping and shaking, as in 
the case of kitchenware enamels. 

These consistency measuring devices may take 
the shape of a ‘“‘ flowmeter,’’ or of a test plate 
or cylinder which may be dipped in the enamel 
slip, allowed to drain, and weighed for a deter- 
mination of the amount of enamel slip retained 
on the test area. Other test instruments, such 
as the Bingham Plastometer or Consistometer, 
the Gardner Mobilometer, and a more recently 
developed instrument known as the Irwin 
Consistometer, permit a determination of both 
the yield value and of the mobility of an enamel 
slip. 

(To be continued.) 








Automatic Control of Furnace Temperature 
(Concluded from page 237.) 


is a process controller for automatically varying 
temperature to a pre-arranged time-temperature 
cycle. In the instrument shown in Fig. 3 the 
control is adjusted by means of a cam rotated at 
a speed of one revolution in any period up to 
96 hrs. The cam can be shaped, for example, 
to increase the temperature at any desired rate 
to-an adjustable maximum, and then, if neces- 
sary, to hold the temperature constant. Blanks 
of thin brass can be supplied which may be 
cut according to the control curve required. The 
maximum temperature to be reached is set in- 
dependently of the cam, by adjusting a movable 
stop on the temperature dial. The instrument 
can be used as an ordinary regulator by re- 
moving the cam and setting this stop to the 
desired temperature. The instrument is enclosed 
within a dust-proof metal case suitable for either 
wall or flush panel mounting. 

Finally a recording controller for use on gas- 
or oil-fired and electric furnaces. The controller 
shown in Fig. 4 employs a continuous paper 
chart 180 mm. wide, normally driven at a speed 
of 4 in, (12 mm.) per hr., the chart being of 
sufficient length to last for one month. The 
used portion of the chart is automatically wound 
on a second roller; the past 13 hrs.’ record 1s 
always visible. 








THe GENERAL Exectric Company, Lamitep. has 
2,135 of its employees serving with the combatant 
forces. One-third of the total male staff in 
sales organisation is with the colours. This 


the 
ym- 


pany gives a generous allowance to all employees 
with the forces. 
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WORKINGTON & DISTINGTON 
MACHINE-CAST HEMATITE IRONS 


As the tractor is superseding the 
horse, so Machine-cast Iron is 
replacing old-fashioned sand-cast 
pig, with considerable advantage 
to the user. 





THE UNITED 


MUL 


COMPANIES LTD 


No sand, no unwieldly sows, 100% 
clean, usable iron which melts 
more quickly and saves fuel and 
limestone. Slabs are easy to handle 
by hand or magnet. 


Write for the book “Workington & Distington Machine-Cast Irons,” this also 
contains useful information regarding U.C.O. Machine-Cast All-Mine Iron. 


WORKINGTON IRON & STEEL COMPANY 


Branch of The United Steel Companies Limited 


WORKINGTON CUMBERLAND 
Went 


Teleph : 206 Telegrams: “Mosbay” Workington 





DISTINGTON HEMATITE IRON CO. LTD. 


Associated with The United Steel Companies Limited 


WORKINGTON CUMBERLAND 


Telephone : Workington 207 Telegrams : “Ironworks” Workington 
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The .Week’s News in Brief 


Trade Talk 


NEWALLS INSULATION CoMPANY have removed 
their London office to Broxbornebury, Broxbourne, 
Herts. 

SHEFFIELD Society or ENGINEERS AND Merat- 
LURGISTS has decided not to hold any general meet- 
ings until further notice. 

IPTAK FuRNACE ARCHES, LIMITED, announce a 
change of address to ‘‘ Maxwelton,’’ Boltro Road, 
Haywards Heath, Sussex. 

CANADIAN EXPORTS of scrap iron and steel have 
been prohibited. Other scrap metals can be exported 
only under special licence. 

Epcar ALLEN & Company, LimiTeD, have trans- 
ferred their head office to Eyam, Sheffield, as from 
October 2. The new telephone number is Eyam 31. 

THe Stranparp Piston Ring & ENGINEERING 
Company, Limitep, have removed their London 
office to 318, Fir Tree Road, Epsom Downs, Surrey. 

TitcHMan’s’ Patent Sanp_ Buast Company, 
LimITED, inform us that the temporary address of 
their London office is 17, Grosvenor Gardens Mews 
North, 8.W.1. 

A series of slide films on various aspects of arc 
welding, welded fabrication, design, etc., has been 
5 sng by the Lincoln Electric Company, Limited, 

Yelwyn Garden City, Herts. These films will be 
Jent free of charge to technical institutes and the 
like who wish to use them for lecture purposes. 

THE Copper DEVELOPMENT ASSOCIATION announces 
that, for the time being, it will continue its usual 
activities. The staff has been reduced to some 
extent by the calling up of certain members for 
military service, and it may not be possible for 
all phases of the Association’s work to be carried 
on as fully as hitherto. Nevertheless, every 
endeavour will be made to give continued service to 
all interested in the use of copper and copper 
alloys, to whom the resources of the Association 
remain available free of charge. 

Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
in Scotland announces that every endeavour wil! be 
made to carry on the Institution’s activities so far 
as circumstances permit. For the time being the 
building in Elmbank Crescent, Glasgow, will remain 
open as usual. At the first meeting of the session, 
on October 24, Mr. Wilfrid Ayre, chairman of the 
Burntisland Shipbuilding Company, will deliver his 
Presidential address. During the meeting, Principal 
Sir Hector Hetherington is to unveil a panel which 
has been erected in the Institution to record the 
names of its Presidents. 

THe Buitpinc InpustRries Nationa Councit, at 
a meeting under the chairmanship of the President, 
Mr. H. J. C. Johnson, in London last week, 
appointed a War-time Committee of the Building 
Industries. The Committee has been set up as a 
result of representations by the building industries 
to the effect that the restriction of civil building 
activity is becoming so general and rigorous that 
harm is likely to be done to the national interest 
through a consequent unnecessary increase in un- 
employment and reduction in revenue-producing 
activity. The task of the Committee will be to 
collect and collate the data necessary to give a 
complete view of the situation from time to time, 
and as it is likely to develop, and to frame what- 
ever representations to the Government 
any time be deemed necessary. 

STANDARDISATION of the bulk of machine tools 
manufactured for domestic use in Germany in order 
to relieve the enormous pressure of that country’s 
machine-tool industry is now under consideration, 
according to a report (cited by the “Tron Age ’’) 
from Consul F. Atwood, Cologne, to the American 
Department of Commerce. The domestic demand 
alone has lately taxed the capacity of the industry 
to the limit. The report says that practically all 
possibilities afforded by plant extensions, modernisa- 
tion of equipment, organisation measures and the 
like have now been exhausted, and it is difficult to 
procure additional skilled labour, At the present 
time the delivery terms for non-preferential 
domestic orders received by the German machine- 
tool industry are two years in the case of specially- 
designed machines, and one year for standard equip- 
ment. 


may at 


Personal 


Mr. V. L. Dean, of Rowe, Jewell & Company, 
Limited, Johannesburg, has been re-elected chairman 
of the Transvaal Engineers and Founders’ Associa- 
tion. 

UpoN RETIREMENT after 50 years’ service with 
A. F. Craig & Company, Limited, Paisley, Mr. 
Andrew Forbes, of the engineering department, has 
been presented with a pair of binoculars by his 
fellow-workers. He received an escritoire from the 
directors. 

Mr. Joun Craic, O.B.E., D.L., chairman and 
managing director of Colvilles, Limited, has been 
appointed chairman of Nimmo & Dunlop, Limited, 
and James Nimmo & Company, Limited, coal- 
masters, in succession to the late Sir Adam Nimmo, 
K.B.E. Mr. Craig is President-designate of the 
Iron and Steel Institute, and a member of the 
Council of the Federation of British Industries. 
He is also chairman or a director of various com- 
panies associated with Colvilles, and is a director of 
the Bank of Scotland. 


Mr. E. J. Luptow, the winner of the first Fellow- 
ship offered by the Worshipful Company of 
Founders, studied engineering subjects for three 
years at Acton Technical College before spending 
four years as a special apprentice with the Gas 
Light & Coke Company, chiefly at the Beckton 
Works, and, during that time, he gained practical 
engineering experience in various departments, in- 
cluding the patternshop and ironfoundry. In addi- 
tion, he spent some time in a Swedish steelworks 
before being sent by the same company to the 
British Foundry School for the 1938-39 session. It 
is Mr. Ludlow’s intention to devote the year of 
the Fellowship to gaining further experience and 
first-hand knowledge of foundry methods in.various 
branches of the industry both in this country and 
possibly America, and, with that in view, he has 
obtained facilities for study for a few months 
through the courtesy of a well-known firm of 
bronze and light-alloy founders in South-East 
London. 








Obituary 


THE DEATH has occurred suddenly of Mr. William 
Thomson, who had been associated with John 
Williams & Company, steel rollers, of Wishaw, for 
52 years. Joining the firm at the age of 12, he 
was in turn traveller, secretary and managing 
director, and, when the new management took over 
the works several years ago, continued as a 
director. 

Mr. E. J. Barnes, of Hadfields, Limited, Sheffield, 
died recently. He was appointed a local director 
of Hadfields, Limited, in 1929, and held the position 
of steel manager from 1925 until his death. Mr. 
Barnes initially joined Sir Robert Hadfield’s 
staff as a junior assistant in the chemical laboratory 
at Hecla Works, and was later transferred to the 
steel-making department as under-manager. He left 
the firm in 1920 to join the Barrow Hematite Steel 
Company, Limited, and from there took a managerial 
position in South Staffordshire. He returned to 
Sheffield in 1925. Mr. Barnes contributed several 
Papers to the Iron and Steel Institute. 

Mr. THomas ZacHary Lioyp, of Edgbaston, died 
on September 24 in his 68th year. He had for more 
than 45 years been associated with Guest, Keen & 
Nettlefolds, Limited. Third son of Mr. Sampson 
Zachary Lloyd, of Areley Hall, Areley Kings, 
Worcestershire, Mr. Lloyd was a member of the 
well-known family of ironmasters and bankers which 
has been continuously associated with Birmingham 
since the seventeenth century. He was educated at 
Clifton College and King’s College, London, where 
he studied mechanical engineering. In 1894 he 
entered the screw works of Nettlefolds, Limited. 
a firm of which his father had been a director since 
its inception as a limited company. He continued 
in the service of that company for 45 years, retiring 
from active management in March of this year, 
though he remained a director until his death. For 
more than 30 years he was general manager of 
the screw works. 
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Company Reports 


Stewarts and Lloyds, Limited 

Resolutions increasing the capital of the compar: 
with a view to the acquisition of the issued sh: 
capital of the Stanton Ironworks Company, Limit: 
were adopted at an extraordinary general meeting 
of Stewarts and Lloyds, Limited, and meetings 
the various classes of stockholders, held in Glasg 
on September 21. The directors were authorised 
carry out the terms of the agreement. Mr. A. (. 
MacprarRMiIp (chairman), who presided, said that 
the directors firmly believed that the merger would 
prove of great benefit to the company, and thie 
incidence of war in no way affected this belief. 
The merger took the form of an outright purchase 
by the company of the capital of the Stanton Com- 
pany, and the directors were satisfied that the price 
was a fair and reasonable one. They strongly re- 
commended the shareholders to approve of the trans- 
action and to pass the necessary resolutions to in- 
crease the capital. They now knew the results of 
the company’s operations during the first eight 
months of the year; they were considerably better 
than those of the corresponding period of 1938. 
Now that our country was involved in war, a 
righteous war for the defence of civilisation and 
general decency among the nations of the world, 
he would like to feel that the directors had the 
approval and support of the shareholders in carrying 
out the policy which they had laid down. Starting 
from the assumption that they must prepare for 
a war that might endure for a period of three years, 
their policy was, on the one hand, to hold their 
whole resources, potentialities and skill at the dis- 
posal of the Government for the successful prosecu- 
tion of the war, and on the other hand to do their 
utmost to preserve throughout the difficult times 
ahead of them the fabric of the company, so that 
when peace came they might emerge strong in re- 
sources and ready and able to deal with the con- 
ditions which would then arise. 


W. H. Dorman & Company, Limited 

A satisfactory increase in the net profit in view 
of the September crisis and other disturbing condi- 
tions was reported by Mr. S. M. Witrorp (the 
chairman) at the annual meeting of W. H. Dorman 
& Company, Limited, held last week in Stafford. 
The chairman said that the company was faced 
with the possibility of great changes in its activi- 
ties and earning power, and it was desirable that 
working capital should be conserved as much as 
possible to ensure that the company’s growth and 
development would not be hindered. At the same 
time, it was essential that the economic machine 
should not be retarded for want of fuel, which must 
be provided by means of dividends. The 
directors had therefore chosen a cautious, but never- 
theless helpful policy by transferring £15,000 to 
general reserve and recommending the payment of 
a small dividend on the ordinary shares, the first 
for many years. There would be in the ensuing 
year a heavy charge for air-raid precautions. In 
addition, the company would have to meet the cost 
of war risks insurance, which would undoubtedly 
be a considerable sum. There had been a further 
increase in the value of the company’s sales during 
the first six months of the current year, and the 
value of the orders on the books at the present 
time was greater than at the same time last year. 








New Companies 


Nitram Metal Treatment & Engineering Com- 
pany, Limited, Aeolian Works, Silverdale Road. 


Hayes, Middlesex—Capital, £200. Directors: W. W. 
Ramsay and H. G. Smith. 
Lea Foundry Company (Bow), Limited, 1. 


Foundry, Hancock Road, Bromley-by-Bow, London. 


E.3—Capital, £3,000. Directors: 8S. D. Hutchiso 
60, Montalt Road, Woodford Green. ; 
Joseph Shakespeare & Company, Limited—Ca 


tal, £1,000. TIronfounders, etc. Directors: J. W.. 
B., and J. Shakespeare, The Moorlands, Worcest 
Road, Harrington, Kidderminster. 








Forthcoming Event 


Institute of British Foundrymen 


OCTOBER 14. 

Burnley Section :—‘‘ Jewels of 
Paper by Mr. F. G. 
School, Accrington, 


film, 
Gram! 


Industry.” a 
Sparshott, at the 
at 7.30 p.m. 
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YORKSHIRE 
Moulding Sand 





FROM unlimited eam 
resources we are able to supply Moulding Sands of 
various grades to meet all requirements. The photo- 
micrographs (magnified 25 diameters) on the right pence 


show five of the large variety of sands which we 


produce. Our Technical Staff is at your service and 


ZENITH 


will be pleased to make recommendations and to stontding Gand 
assist you in the selection of the most suitable sand 
to meet your exact needs. 

MANSFIELD 


° e P e Moulding Sand 
Please write us for detailed information. se 


GENERAL REFRACTORIES Ltd. 


steps i113 iin, GENEFAX HOUSE, SHEFFIELD, 10 6.0.0 Sicinc 
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Raw Material 


The British Government has announced that its 
war plans are based on the erage es! of hostilities 
lasting for three years or more. Included in these 
plans is the iron and steel industry, which is rapidly 
settling down to the changed conditions. The 
progress made during the first month of war has 
undoubtedly been very gratifying. There has been 
unavoidable delay in dealing with some classes of 
commercial business, but non-preferential orders 
should shortly be liquidated more freely. Licences 
have already been issued for a considerable amount 
of export business in iron and steel, the need for 
retaining contacts overseas being fully appreciated 
by the Government. 





Pig-lron 


MIDDLESBROUGH—The Cleveland pig-iron trade 
is operating satisfactorily and orders for ordinary 
civil work are meeting with sympathetic attention. 
Supplies of irom are being distributed firstly, of 
course, to preferential consumers, but there is 
material available for users not engaged on Govern- 
ment work. Local foundries have been considerably 
busier since the outbreak of hostilities, and the 
demand for foundry iron has consequently increased. 
This demand is being readily met, despite the fact 
that a considerable tonnage of iron is regularly being 
despatched to the Midlands. The demand for 
hematite, too, is expanding steadily and heavier 
deliveries are being called for. In addition to home 
business, the call for hematite from abroad is involv- 
ing moderate tonnages. 


LANCASHIRE—Consumers not entitled to pre- 
ferential supplies are receiving fairly satisfactory 
deliveries. There is a heavier demand for foundry 
iron, but producers generally are able to meet in- 
quiries quite promptly. The machine-tool makers 
are working at a high rate, and jobbing foundries 
supplying these concerns are also more active. There 
is increased activity, too, among light-castings 
makers, many of whom have received substantial 
Government orders. 


MIDLANDS—Both Northamptonshire and Derby- 
shire brands of high-phosphorus pig-iron are in de- 
mand and stocks are being steadily drawn upon in 
order to meet the increased calls for deliveries. Sup- 
plies of low-phosphorus iron are not too plentiful 
and several furnaces which formerly made this type 
of iron have been put on to the manufacture of other 
material. Consequently there is a heavier call on 
hematite, which, however, is available in quite satis- 
factory tonnages. The price of low-phosphorus iron 
is not yet controllod, as is the case with other 
irons, but it is lik ly that the position will be 
revised at an early ‘date. The minimum price fo1 
both English and Scottish irons is now £5 15s. 

SCOTLAND—There has been a moderate demand 
for foundry iron, while the call for basic is steadily 
increasing. There has not been much improvement 
in the light-castings trade; reports indicate a better 
position at some works, but, on the whole, the 
trade could readily accept additional orders. Sup- 
plies of iron for these concerns are coming from 
the Midlands in many instances. Both basic and 
hematite irons are being used in large tonnages by 
local steelworks, which are working to capacity. 
Imports of basic are on a good scale. ; 





Coke 


Consumption of foundry coke is maintained, and 
a number of consumers are taking additional de- 
liveries for stocking purposes. Most users, however, 
are limiting their stocks to normal proportions; 
stocks are usually accumulated at this time of the 
year as a precaution against intermittent deliveries 
during the winter. 





Steel 


The first task of the steel industry is to meet 
Government requirements, which are, of course, 
very substantial. Licences are being issued for 
commercial needs, but supplies in connection with 
defence purposes receive preference. Steelworks, 
which have been operating at a high rate of activity 
for many months past, are now reaching new out- 
put records. 
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Markets 


Scrap 
As reported in our last issue, the control system 
now extends to all descriptions of iron and steel 
scrap. The schedule of prices was published last 
week, Supplies are being called for regularly and 
especially does this apply to steelworks’ material. 
Iron scrap, too, is changing hands in good tonnages. 





Metals 


Members of the London Metal Exchange, meeting 
on Tuesday, discussed the continued suspension of 
dealings in copper, lead and zinc. It is understond 
that certain recommendations have since been made 
to the Ministry of Supply. 

Tin continues te be the only metal in which deal- 
ings are permitted on the London Metal Exchange, 
and in this business has been only moderate. As 
was only to be expected, the Budget did not reflect 
itself very favourably. A feature of the tin market 


“has been the number of export licences’ which the 


Government has issued; in fact, licences have been 
given quite freely for supplies te the United States. 
This gives credence to the belief that supplies of 
tin in this country are ample. In view of the fact 
that tin might be required for defence purposes, 
Mr. Roosevelt has advised Americans not to re- 
export the metal. 

The September issue of the ‘* Statistical Bulletin,” 
issued by The Hague Office of the International Tin 
Research and Development Council, states that world 
production of tin, which i 1938 amounted to 
12,380 tons a month, on an average, decreased to 
an average of 11,000 tons in the first seven months 
of 1939. Production of the seven signatory countries 
decreased from an average of 9,947 tons to an 
average of 8,653 tons. As a result of the increase 
in quotas from 45 to 100 per cent., the monthly 
permissible exports under the control scheme for 
the third quarter increased by 9,295 tons to 17,331 
tons, transforming the over-export at the end of 
Jvly into an under-export of 753 tons. World 
apparent consumption of tin, which in 1938 amounted 
to 12,600 tons a month, on an average, decreased 
to 12,440 tons in the first seven months of this 
year. The visible supply of tin decreased during 
August by 2,319 tons to 20,335 tons, the carry-over 
by 1,047 tons to 4,680 tons, and the smelters’ 
stocks by 1,523 tons to 9,593 tons, there being, 
consequently, a decrease in the total stocks of 
4,889 tons to 34,608 tons. 

As a result of the Dutch Government's ban on the 
exports of tin, it seems probable that the Arnhem 


smelter will close down in the near future. This 
smelter is very close to the German frontier. 
The Order (Control of Tin (No. 1) Order, 


1939/No, 1219) fixing the maximum price of tin at 
£230 per ton has now been issued by the Ministry 
of Supply under the Emergency Powers (Defence) 


Act. 








Reports and Dividends 


Metal Industries, Limited—Half-year’s dividend on 
the 5 per cent. preference stock. 

Thos. Firth & John Brown, Limited—Ordinary 
dividend of 6 per cent., free of tax. 

Watford Electric & Manufacturing Company, 
Limited—Interim dividend of 5 per cent. 

British Piston Ring Company, Limited—Final 
dividend of 124 per cent., making 174 per cent. 

Hale & Hale (Tipton), Limited—Dividend of 5 per 
cent. on the ordinary shares, declared September 11, 
for payment on September 30, will not be paid. 
Further consideration of the payment will be given 
by directors on December 20. 

J. Blakeborough & Sons, Limited—Net profit for 
the year to June 30, after providing for deprecia- 
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Foundry Query 
CASTING HEAVY LINERS 


Query.—I am a moulder and if you could lielp 
me in my difficulty in brass moulding I shou! be 
grateful. I am busy with some heavy liners and 
when the runner is cut off there are pinholes left 
on the side of the casting and also a crack down 
the centre. Could you give me any prac.ical 
hints to avoid this? 

Answer.—Our correspondent should use a feirly 
soft dry-sand core. ‘The cracking is prolbly 
due to too hard a core causing restriction in con- 
traction. As a further safeguard, the core should 
be filled with ashes and ‘‘ eased ’’ immediately 
after casting. No doubt he has used a core such 
as one would use in iron founding, and this will 
be too hard in most instances. The casting tem- 
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perature for gunmetal usually used for liners is 
about 1,080 deg. C. In some cases liners are speci- 
fied to be “‘ zine free.’’ This is wrong and the ad- 
dition of 0.5 to 1.0 per cent. zinc is advisable to 
facilitate founding. Melt under oxidising con- 
ditions and deoxidise just before pouring with a 
trace of phosphor copper (1} to 2 ozs. per 
100 Ibs. metal). The presence of a smal] amount 
of zine, oxidising melting conditions and deoxi- 
dation with phosphor copper should overcome 
blowholes. In regard to gating methods, liners 
are usually dropped from the top like cast irou, 
as shown in Fig. 1. 








Catalogues Received 
Lubricating Oils. In a leaflet received from 


E. G. Acheson, Limited, of Thames House, Mill- 
bank, London, S.W.1, there is a statement of 
special interest to vitreous enamellers, as there 
is mention of the use of colloidal graphite for 
lubricating compressors. In general the leaflet 
is of considerable technical interest. 

Emergency Lighting. A very interesting 
leaflet has been received from the General 
Electric Company, Limited, of Magnet House, 
Kingsway, London, W.C.2, dealing with the war- 
time lighting of private houses, factory lighting, 
pilot lights, ultra-violet fluorescent lighting. 
complementary colour lighting, hospital and 
exterior lighting for traffic signs and the like. 
It has been compiled that the products 
described comply with the Emergency Regula- 
tions. 

Aluminium Engineering Sections. He 
Aluminium Union, Limited, The Adelphi, Strand, 
London, W.C.2, have just issued a booklet which 
very completely details a wide range of extruded 
aluminium sections. Most of the illustrations 
are fully dimensioned and carry the weight 0! 
the section in lbs. per ft. and kilograms per 
metre. Many sections are made in so many 
sizes that tables have had to be include:! to 


so 





tion and taxation, £67,552; brought in, £16,585; detail the range. The booklet is’ bound by 
dividend on the 5 per cent. preference shares, means of a coloured spiral, in. stiff card! vd 
£2,801; interim dividend of 5 per cent. on the ordi- backs. Designers will find it of great utilit 
nary shares, £4,241; interest on 7 per cent. (20- 

vear) cumulative notes, £3.549; provision for re- ———< 

demption of notes, £5,420; to pension reserve, ; 
£10,000; to general reserve. £23,000: final dividend Tue Porcelain Enamel Institute will hol _ 
of 5 per cent. (making 10 per cent. for the year) fourth annual forum at Ohio State Unives-!ty, 
and a bonus of 10 per cent. on the ordinary shares, Columbus, Ohio, from October 18 to 20. Num ous 


£12,724; 


carried forward, £20,402. 





technical Papers will be presented for discussic’ 
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